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| Constant Temaperatar Meter. Bath 


Consists of a copper tank with asbestos 
outer covering. The inner dimensions 
| are 18x12x4 inches deep. The thermo- 
stat control is the Freas, already so suc- 
- cessfully employed in the ovens and 
- incubators. With this bath constant 
temperatures are maintained as de- 
sired from room temperature up to the 
_ boiling point of water. 


Furnished either with or without cover 


Price without cover - - - - - $55.00 
” Price with cover, as shown by cut 65.00 
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| Consists of copper tank with windows. 
| Tank has asbestos outer covering and 
| is provided with motor and stirring 
| device. The thermostat control is the 
| Freas bimetallic. The control is as ac- 
} curate as with a mercury thermostat, 
| while danger of breakage is removed 
| and the construction is rendered much 
} simpler. Adapted for a temperature 
} range up to 60° C. Working space 
| (above the wire screen) is 18xi2x10 
inches deep. 








Price $115.00 
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THE CALCIUM CONTENT OF HUMAN BLOOD. 


By HENRY LYMAN. 


(From the Research Laboratory of the Huntington Memorial Hospital, and 
the Biochemical Laboratory of the Harvard Medical School, Boston.) 


(Received for publication, March 29, 1917.) 


The accompanying table gives the result of the analyses for 
calcium of fifty-four samples of human blood, determinations of 
the total non-coagulable nitrogen also being done on the patho- 
logical cases. It is hoped that these figures may help to establish 
a base line for further study of the metabolism of this metal. The 
chief point brought out seems to be that the calcium varies but 
little in a great majority of subjects. Even in cases of advanced 
uremia, where the total nitrogen was extremely high, the calcium 
was not increased. On the other hand, the hemophiliac and the 
case of purpura hemorrhagica were not lower than what we may 
regard as normal. 

The average for the males, with the exception of No. 36, was 
6.1 mg. of calcium per 100 cc. of blood; while that for females was 
7.1, a difference sufficiently great to stimulate further investiga- 
tion. 

In No. 36 there seems to be no reason for the extremely low 
figure shown. Duplicate determinations were of course performed 
and there is no doubt that this represents the correct calcium con- 
tent. Unfortunately, as the patient soon left the hospital, a see- 
ond specimen could not be obtained. No. 8, on the other hand, 
was taken from a healthy young woman whose history gives us 
no clue to the explanation of the high result—9.6 mg. per 100 ce. 

Determination of calcium was carried out according to the 
new method of the author,! while the total nitrogens were done 
by the direct Nesslerization process of Folin and Denis.2 As it 
was more convenient to perform both analyses in the seme fil- 
trate, the following technique was employed: 


1 Lyman, H., J. Btol. Chem., 1917, xxix, 169. 
? Folin, O., and Denis, W., J. Biol. Chem., 1916, xxvi, 473. 
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2 Calcium in Human Blood 


Blood was drawn into a 20 cc. paraffined pipette and run into a flask 
containing 55 cc. of distilled water. After agitating to lake the blood, 5 
ce. of 80 per cent trichloroacetic acid were added, the whole well shaken, 
and allowed to stand for an hour or longer, as convenient. After filtering 
through calcium-free filter paper, 10 cc. of the filtrate were used for the cal- 
cium determinations and 5 ce. for the total nitrogens. The coagulation by 
trichloroacetic acid was first carefully checked by the phosphoric acid 
method of Folin and Denis and found to give identical results. 

Not only does this procedure lessen the number of flasks and solutions to 
be carried about, but it also shortens the time of the nitrogen determina- 
tions, as there are only 5 cc. of fluid to boil off instead of 10 cc. More- 
over, no pebble or bead need be used in the digestions as there is no bump- 
ing. 


The specimens, with the exception of the normal cases, were 
obtained from the Massachusetts General Hospital, the Peter 
Bent Brigham Hospital, and the Huntington Memorial Hospital, 


TABLE I. 





Sex. Diagnosis. Ca N 
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Calcium and Total Non-Coagulable Nitrogen per 100 Cc. of Human Blood. 
ail ‘ORE F ea Se wiki diaieodecil cleanin 
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Case. 
| mg. mg. 
l M. Normal. ae 
2 ee Pts | 6.2 
3 “| Chronic infectious arthritis. | 5.9 
et se Normal. | 6.1 
ae de Billie 6.1 | 
2 oe ee ee | ee 
7 “ | Acromegaly. | Te] 
8 Normal. 9.6 | 
9 | “ | “ | 77 | 
0 | M/|] « 1 6.1 
” 2 eel | 6.4 
ge Sekt Uli | 6.7 
13 | “ “ | 5.2 
14 | | Carcinoma of jaw. | 6.4 | 
oe ie. m * larynx. | 6.0 | 
~_s. * ° “ eyelid. | 6.4 | 
17 ss Hemopbhiliac. | 6.0 | 39.4 
18 16 Purpura hemorrhagica. | 6.4 37.0 
19 e Myelogenous leukemia. | 6.4 61.8 
20 wi Cardiac. | 6.1 52.0 
21 " Nephritis. | 6.0 | 56.6 
22 | “ | Hyperthyroid. | 6.9 | 41.0 














23 
24 
25 
26 
27 
28 
O09 


30 


32 
33 
34 
35 
36 


37 


38 


39 
40 
41 
42 
43 


45 


Tumor of orbit, malignant (?). 


Henry Lyman 


TABLE I—Concluded. 


Diagnosis. 


Diabetic (16 yrs.). 
Syphilis. 
Amebic dysentery. 
> 


| Myelogenous leukemia. 


Gout. 


| Syphilis. 


Gout and uremia. 
Pleurisy with effusion. 
Nephritis. 
Tuberculosis. 


| Cardiac, in extremis. 


Cardiorenal with asthma. 


Gout (?), congenital heart, hemoglo- 


bin 160 per cent. 
Hyperthyroid. 
Chronic nephritis, uremia, clonic 
twitching. 
Carcinoma (? 
Diarrhea. 
Multiple neuritis. 
Hyperthyroid. 
Diabetes. 
Acute nephritis. 
Myelogenous leukemia. 
Carcinoma of pharynx. 
“ “ eyelid. 
tongue. 
Sarcoma of prostate. 


) of stomach. 


“ “ 


Carcinoma of rectum. 
- “ cervix. 
“ “ “ 


Sarcoma of glands of neck. 
Normal. 
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THE MECHANISM OF CYTOLYSIS IN ECHINODERM 
EGGS. 


SECOND PAPER. 


By A. R. MOORE, 


(From the Physiological Laboratory of Rutgers College, New Brunswick, 
N. J., and the Marine Biological Laboratory, Woods Hole, Mass.) 


(Received for publication, March 16, 1917.) 


In the previous paper' it has been shown that the cytolysis 
reaction in the case of the eggs of the sea urchin, Strongylocentrotus 
purpuratus, depends upon a chemical reaction of the first order. 
In these experiments the material was homogeneous; viz., in each 
experiment the eggs were from one individual and were all ma- 
ture and unfertilized. If one attempts to repeat the experiment 
with the eggs of starfish, the results fail to show a uniform prog- 
ress of the reaction. This is apparently due to the fact that 
the starfish eggs from a given individual are not homogeneous. 
If a lot of these eggs are allowed to stand in the laboratory for a 
day and are then examined, very often sufficient change has oc- 
curred to render it possible to group them into three classes by 
optical and experimental means; vzz., (1) immature eggs with 
irregular outline and large nuclei, incapable of fertilization; (2) 
recently mature eggs, regular spheres, transparent yellowish brown 
in color, which may be fertilized and are therefore alive; (3) old 
mature eggs, black-brown in color, which cannot be fertilized 
and are therefore dead. These differences have been shown to 
be dependent upon oxidations, and the changes of maturation 
and disintegration can be inhibited by keeping the eggs in an at- 
mosphere of hydrogen or by adding small quantities of KCN to 
the solution containing them.? Therefore, it seems reasonable 
to suppose that the optical and vital differences described are 


! Moore, A. R., J. Biol. Chem., 1916-17, xxviii, 475. 
2 Loeb, J., Artificial Parthenogenesis, Chicago, 1913, 27. 
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6 Cytolysis in Echinoderm Eggs. IIT 


expressions of underlying chemical differences, and that these 
chemical differences are dependent upon the degree to which cer- 
tain oxidation reactions have developed; in other words, upon the 
respective ages of the cells. These chemical differences due to 
age should become apparent in the cytolysis reaction; 7.e., eggs 
having the least natural resistance should cytolyze first, those hav- 
ing greatest natural resistance cytolyze last, and those of average 
resistance, comprising the great majority of the cells, cytolyze 
in approximately half the time. A reaction of this type does 
not progress at a constant rate, like a chemical reaction depending 
upon the fortuitous interaction of ions or molecules, but at the 
outset has a low velocity, when half completed has its maximum 
velocity, and in the last phase has a low velocity. Arrhenius* 
has suggested a simple method for determining whether reactions 
of cells proceed at the uniform rate of a chemical reaction or 
are dependent upon the age and natural resistance of the units 
taking part in the process. According to this method, if the 
loge N (N, number of cells surviving at the end of time, ¢) is 
plotted as ordinates against the time, ¢, as abscisse, the graph 
is a straight line in the case of a chemical reaction, but a double 
curve graph in case the reaction depends upon the natural resist- 
ance of the cells. The following experiments show that the eytol- 
ysis reaction of starfish eggs follows the second type of reaction; 
i.e., is dependent upon the specific chemical condition of each egg, 
which differs significantly with the age of the egg. 

The experiments were carried out in the way previously de- 
scribed.4. The material used consisted of the unfertilized eggs of 
the starfish, Asterias forbesicx. After the initial lowering of the 
temperature to the extent of 0.2-0.3°C., due to the introduction 
of the charge of eggs into the cytolyzing chamber, the bath was 
kept within 0.1°C. of the temperature required. 

The experiments recorded in Table I show the percentages of 
eggs remaining uncytolyzed at the end of each time interval. It 
is evident that the percentage of eggs cytolyzed each minute is 
not a constant percentage of the number remaining uncytolyzed. 
The graphs derived from the experimental data show that the 

§ Arrhenius, S8., Quantitative Laws in Biological Chemistry, London 


1915, 7 
* Moore, Quart. J. Exp. Physiol., 1910, iii, 257. 
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Experiment 2. 
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18 
16 


Experiment 3. T 


| 93 
87 
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66 
14 
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Experiment 4. T = 39°. 
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45 
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8 Cytolysis in Echinoderm Eggs. II 


reaction velocity is slow at first, most rapid when half completed, 
and slow again when the reaction nears completion.’ In some 
cases the third phase does not appear. From these results it 
must be concluded that the rate of cytolysis of starfish eggs, 7.e., 
the time necessary at the given temperature for an egg to cyto- 
lyze, depends upon the chemical state of the egg, which in turn is 
determined by the age of the egg or the extent to which certain 
oxidations have taken place in it (Fig. 1). 


The Cytolytic Effect of Treatment with the Alkaline Earth Chlorides. 


It has been shown that treatment with an isosmotic solution 
of SrCl, greatly increases the rate of hot water cytolysis of the 
eggs of the sea urchin, Strongylocentrotus purpuratus.® In fact if 
the eggs of this form are allowed to remain in an isosmotic solu- 
tion of SrCl. at room temperature, they form clear blebs at their 
peripheries and ultimately cytolyze. Solutions of MgCh, CaCh, 
and BaCle bring about similar results but differ in certain charac- 
teristic ways in their action. Thus, in the solution of MgCl. the 
eggs swell and become clear; in the CaCl. they become clear with 
little if any swelling. In BaCh, as a rule, the cytoplasm remains 
optically unchanged, but a large bleb develops at the periphery, 
often equalling the egg in diameter; occasionally shadows form 
in this solution. KCl does not inhibit the cytolytic action of 
MgCl. and CaCl, nor are the two latter named salts mutually 
antagonistic. NaCl, however, when present in the ratio of 10 ee. 
of the M/2 solution to 90 ec. of a 3/8 M CaCl, or of a 3/8 mM MgCl, 
solution completely inhibits the formation of blebs or of shadows. 

In order to determine whether the chlorides of Mg, Ca, Sr, 
and Ba comparably affect the eggs of the starfish, Asterias for- 
besti, two types of experiments were carried out. First, the eggs 
were allowed to remain in the pure solutions of the chlorides of 
3/8 M concentration for 12 to 24 hours. No definite cytolytic ef- 
fects were observed. Second, the eggs, after being washed twice 
in the pure salt solution, were kept for 10 minutes in a third por- 


5 The writer is aware that this also describes in a general way the course 
of an autocatalytic monomolecular reaction, but if one tries to fit the data 
here given to the equation for such a reaction, it will be seen that the reac- 
tion proceeds much too rapidly at the outset for such an hypothesis to be 
applicable. 

6 Moore, Arch. Entweklngsmechn. Organ., 1913, xxxvil, 433. 
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10 Cytolysis in Echinoderm Eggs. II 
tion of the solution and were then put into a cylinder of heated 
sea water kept at a constant temperature. The percentages of 
eggs cytolyzed were determined in the usual way. A parallel 
experiment with the untreated eggs of the same female was always 
run as a control. The experiments showed that in the eggs of 
the starfish the chlorides of Mg, Ca, Sr, and Ba not only fail to 
increase the rate of cytolysis but frequently retard it. The ex- 
periments in Table II illustrate this point. Since, in the case of 
sea urchin eggs, the chlorides of the alkaline earths exert a cyto- 
lytic action, the results of the experiments with starfish eggs indi- 
‘vate characteristic differences in the chemical constitution of the 
eggs of the two genera with respect to the phenomenon of cytolysis. 


TABLE Ii. 


Time Normal eggs cytolyzed. } Treated eggs cytolyzed. 


Experiment 1. T = 39°. MgCl. 


a — ———y——— - - 
min, per cent per cent 
2 2 5 
, 4 35 
6 55 37 
8 §2 18 
10 95 100 


~~ 
it 


Experiment 2. 39°. CaCl. 
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TABLE Il—Concluded. 


Time Normal eggs cytolyzed Treated eggs cytolyzed 


Experiment 3. T = 39°. SrCh. 


A. 
l 1 i 0 
2 2 0 
4 2 2 
6 40 
S 20 
10 SO 25 
15 95 50 
Lb. 
1 23 2 
2 48 29 
4 53 64 
6 82 78 
Ss S4 80 
Experiment 4. T = 39°. BaCh. 
1 9 1 
Hs 30 
j 48 5 
6 80 
8 98 

















THE SUPPLEMENTARY DIETARY RELATIONSHIP BE- 
TWEEN LEAF AND SEED AS CONTRASTED WITH 
COMBINATIONS OF SEED WITH SEED.* 


By E. V. McCOLLUM, N. SIMMONDS, anv W. PITZ. 


(From the Laboratory of Agricultural Chemistry of the Wisconsin Experiment 
Station, Madison.) 


(Received for publication, March 26, 1917.) 


In previous papers we have described the nature of the dietary 
deficiencies of some of the most important seeds which serve as 
food for man and animals; viz., wheat, maize,? rice* and oat ker- 
nels, and the white bean.® With the exception of polished rice 
and the bean these seeds closely resemble each other in their diet- 
ary properties: (a) the proteins being of relatively poor quality 
in that certain essential amino-acids are furnished by them in 
amounts below the optimum; (6) the content and composition 
of the inorganic portion of each seed are of a character which 
cannot induce normal growth, and must be corrected by certain 
salt additions; and (c) the content of the fat-soluble A is inade- 
quate to supply the needs of the growing animal over a prolonged 
period. Unpolished rice resembles closely the other grains men- 
tioned above, but polished rice, which has lost both its bran layer 
and its germ in the process of polishing, lacks, in addition to the 
deficiencies mentioned above, the second unidentified dietary 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 

’ Hart, E. B., McCollum, E. V., Steenbock, H., and Humphrey, G. C., 
Wisconsin Agric. Exp. Station Research Bull. 17, 1911. Hart and McCol- 
lum, J. Biol. Chem., 1914, xix, 373. Hart, E. B., Miller, W. S., and McCol- 
lum, E. V., ibid., 1916, xxv, 239. McCollum, E. V., Simmonds, N., and 
Pitz, W., ibid., 1916-17, xxviii, 211. 

2? Hart and McCollum, J. Biol. Chem., 1914, xix, 373. McCollum, Sim- 
monds, and Pitz, ibid., 1916-17, xxviii, 153. 

3 McCollum, E. V., and Davis, M., J. Biol. Chem., 1915, xxiii, 181. 

* McCollum, Simmonds, and Pitz, J. Biol. Chem., 1917, xxix, 341. 

§ McCollum, Simmonds, and Pitz, J. Biol. Chem., 1917, xxix, 521. 
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14 Dietary Relation of Leaf and Seed 


factor, water-soluble B. The ordinary bean differs from the other 
seeds mentioned particularly in the poor quality of its proteins. 
These contain but little of some one or more essential amino-acids 
and it becomes imperative that beans should be combined with 
such other natural foods as furnish proteins which supplement 
these deficiencies and therefore enhance their value. 

In the present paper we present certain further data which 
point clearly to the general lines on which successful nutrition is 
to be attained, when the diet is derived solely from vegetable 
sources. The discussion will be limited to the results obtained 
with combinations of seeds from several sources, and of seeds with 
the alfalfa leaf. We reserve for future discussion the possibili- 
ties of obtaining normal nutrition during growth and reproduction 
with simple combinations of tubers with grains and of fruit juices 
with grains. 

Our experience over a decade with both rats and swine has 
convinced us that the nutritive requirements for these two species 
are essentially the same. Neither species can grow satisfactorily 
when restricted to one of the cereal grains, and both respond in 
about the same way with growth and reproduction, to specific 
modifications of the diet when thus restricted as to source. 

It was somewhat of a surprise to us to find that we were not 
able to make up a ration derived solely from the seeds of plants 
which would serve to support normal nutrition during the grow- 
ing period, even though two to five seeds of widely different varie- 
ties were employed. Results of a very different character are 
secured when simple combinations of leaf and seed are fed as 
monotonous diets. The interpretation of the curves of growth 
in the charts presented in this paper bring out the following 
points: 

1. We have failed to secure any appreciable amount of growth 
with the following mixtures of seeds when salt-free water was 
supplied; (a) maize 90, flaxseed oil meal 10, Chart 1; (6) wheat 20, 
maize 20, rolled oats 20, hemp seed 20, millet seed 20, Chart 4; 
(c) wheat 25, maize 25, rolled oats 25, hemp seed 25, Chart 3; 
(d) wheat 33, maize 33, rolled oats 33, Chart 2. These rations 
represent two distinct types: (a) and (b) serve to promote good 
growth if suitable inorganic salt additions are made, but not 
otherwise (Charts 1 and 4). This means that the mixtures sup- 
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ply enough of both the unidentified dietary factors fat-soluble A 
and water-soluble B, as well as the long recognized dietary fac- 
tors, proteins of adequate quality, and assimilable energy as car- 
bohydrate and fat. When considered in the light of our former 
experience with maize, wheat, and oats, all of which have been 
shown to carry an inadequate amount of the fat-soluble A, it 
becomes evident that the flaxseed meal and millet seed differ 
from maize, wheat, and oats in containing a much greater amount 
of this dietary factor. This conclusion is further supported by 
the records of rats fed (c) (Chart 3). After a period of suspended 
growth they failed to respond so well with growth when a salt 
mixture was added as did those whose diets contained either flax- 
seed or millet seed (Charts 1 and 4). Hemp seed appears to be 
somewhat richer in the fat-soluble A than are wheat, oats, and 
maize. Ration (d) does not support growth, and Period 2 in the 
record of Lot 714 (Chart 2) shows clearly that it is not solely the 
shortage of the fat-soluble A which is responsible. Our experi- 
mental work does not yet include the feeding of wheat, oat, and 
maize mixtures with salts alone or purified protein alone, but in 
view of the remarkable degree to which salt additions induce 
growth on mixtures of these seeds with hemp seed and millet 
seed (Charts 3 and 4) there is little doubt that this is one of the 
limiting factors in the case of Lot 714. In other words, with 
wheat, oats, and maize in equal proportions the data available 
indicate that both salts and fat-soluble A must be added before 
growth can take place. 

The growth records shown in Charts 1 to 4 make possible the 
generalization that 7t ts difficult if not impossible to obtain even a 
moderate amount of growth over an extended period on a diet restricted 
to the seeds of plants. It is evident that satisfactory protein mix- 
tures can be had from seed mixtures, and from the results shown in 
Charts 1 and 4 it is further evident that certain seeds as flaxseed 
and millet seed contain the fat-soluble A in fairly liberal amounts. 
Since the water-soluble B is everywhere abundant in the seeds the 
xause of failure to secure growth on seed mixtures is seen to lie 
in the amount and character of the inorganic moiety.’ An in- 


* Unpublished data in our records indicate that the mixed proteins of 
wheat, oat, and maize fed at this plane of protein intake (10 to 11 per cent) 
are of satisfactory character to support fairly good growth when the rations 
are not otherwise deficient. , 
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spection of the literature relating to the content of inorganic ele- 
ments in various classes of natural foods as determined in recent 
times by satisfactory methods reveals at a glance the supplement- 
ary relationships among the different classes of vegetable foods 
in inorganic elements. Of the seven most important seeds from 
the standpoint of human nutrition and animal production, only 
cottonseed and flaxseed contain a high total inorganic content 
and in both cases the ash is very poor in three important elements, 
sodium, calcium, and chlorine. Since a pronounced deficiency of 
these elements is characteristic of all other seeds as well, no com- 
binations of seeds will supply these elements in satisfactory 
amounts. Since spring and well waters in certain districts con- 
tain both sodium and calcium in greatly varying amounts it 
would be expected that animals may secure the necessary inor- 
ganic supplements through the drinking water in some localities 
which would enable them to grow on a ration restricted to seeds, 
whereas in other parts of the world they could not do so. 

But few reliable data are available showing the variation of the 
inorganic content of seeds as influenced by the character of the 
soil. It is a well known principle of physiology that plants have 
but limited selective capacity with reference to minerals in solu- 
tion in the soil water. Forbes and his coworkers’ made an exten- 
sive investigation of the inorganic elements of blue grass from 
different types of soils and found that at the same stage of growth 
samples from different localities showed variation between 4.80 
and 8.66 per cent of ash, calcium varied between 0.135 and 0.424 
per cent, potassium between 1.41 and 2.85 per cent, and phos- 
phorus between 0.164 and 0.403 per cent. 

Ames® states that the composition of wheat (grain) grown on 
the unfertilized plots of two soils, containing different amounts 
of phosphorus, potassium, and nitrogen is in accordance with the 
composition of these soils, and that the proportion of these ele- 
ments in the wheat plant is increased by the addition of these ele- 
ments to the soil. Under natural conditions distinct differences 
will doubtless be observed in the capacity to grow of animals 


7 Forbes, E. B., Whittier, A. C., and Collison, R. C., Ohio Agric. Exp. 
Station Bull. 22, 1910. 

8 Ames, J. W., Ohio Agric. Exp. Station Bull. 221, 1910. Ames, J. W., 
Boltz, G. E., and Stenius, J. A., ibid., 243, 1912. 
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Inorganic Constituents of Vegetable Foodstu, fs." 


ass. | K | Na | Ca Mg | p | a 





Leaf. 





—; . = 7 
| per cent|per cent) per cent|per ce nt| ‘sad ce nt| per cent | per cent 
| | 











Alfalfa hay..... ...| 7.38] 1.64] 0.1 | 2.14 | 0.22 | 0.34 10.29 
Rape green..... ...| 8.08} 2.23 | 0.23 1.26 | 0.18 | 0.40 |0.61 
Red clover....... ...| 6.86) 1.84) 0.10 | 1.71 | 0.45 | 0.29 |0.26 
Rhubarb. . -...| 14.49] 7.14 | 0.55 | 1.04 | — | 0.93 [0.77 
Spinach... ..| 16.48} 2.27 | 4.32 | 1.40 | 0.63 | 0.74 |1.04 
Cabbage heart....... 10.85 2.51 | 0.80 | 1.66 | 0.23 | 0.71 10.85 
} | 
Seed. 
Rice hulled 0.39 0.07 | 0 016) 0.009} 0 026) 0.09 ‘0.0004 
Maize.....................| 1.55) 0.32 | 0.05 | 0.01 | 0.12 | 0.33 |0.045 
Wheat....... 2.08 0.50 | 0.02 | 0.04 | 0.14 | 0.40 0 06 
Oat meal.... 1.83) 0. 36 0.06 | 0.01 | 0.09 | 0.38 |0.10 
Beans..... fi 3.63) 1. 0.03 | 0.13 | 0.16 | 0.61 |0.06 
Cottonseed meal....... 7_48| 185 | 0.23 | 0.68 | 1.5 (0.003 
Linseed meal..... 5.84] 1.18 | 0.07 | 0.35 | 0.55 | 0.80 |0.04 








Tuber, root. 


Potato. 7 | 0.11 | 0.28 10.13 


3.79} 1.90 | 0.08 | 0.07 
Sweet potato... 3.07) 1.28 | 0.15 22 0.06 | 0.14 (0.39 
Beet ies 5.97) 0.84 | 2.16 | 0.25 0.01 0.25 p-% 
6 ALS 3 Sasi ic aise 8.01) 3.02 | 0.58 | 0.60 | 0.18 | 0.44 |0.40 


Bi Potaeed etd ited 6 
Fruit. 


3.08 0.93 | 0.31 | 0.54 | 0.15 


Oranges. .. | 3 0.15 |0.07 
Apples. | 1.44) 0.43 | 0.28 | : 04 | 0.07 | 0.08 | — 

Plums..... 2.08) 1.20 | 0 03 | ).06 0.06 | 0.12 |0.007 
Raisins. . 2.86) 1.10 | 0.16 | “ge | 0.10 | 0.22 0.14 
Figs. | 2.92) 1.35 | 0.05 | 0.23 | 0.10 | 0.16 0 06 


. Selected from thes paper re E. B. Forbes, Ohio Agric. Exp. "Station 
Bull. 207, 1909. 


confined to a diet of seeds but permitted access to the soil and 
furnished ground or drainage water, because of the variable fac- 
tors mentioned above. It is a matter of great importance, how- 
ever, that we should fully appreciate the peculiar dietary proper- 
ties of the different classes of vegetable foods and bear in mind 
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the importance of making suitable combinations which will ap- 
proximate the optimum in content and proportions among the 
inorganic elements. 

The degree to which the inorganic content of certain mixtures 
of seed and leaf supports growth will be seen from an inspection of 
Charts 5 to 14. It should be kept in mind, however, that a 
complete explanation is not available of the cause of the rela- 
tively poor nutrition of many of the animals fed the rations de- 
scribed in this paper. Not until those food mixtures which fail 
to nourish young animals properly are fed supplemented with 
certain single and multiple additions of purified food substances 
can such explanations be made. Where little or no growth was 
observed certain dietary factors other than protein, inorganic con- 
stituents, or unidentified factors A and B may be the cause. 
These are to be excluded by the results of suitably planned 
experiments. 

A second generalization of fundamental importance in nutri- 
tion is now possible.’ The leaf is distinctly different from the seed 
in its dietary properties in two respects: its total tnorganic content 
is very high, and it is especially rich in both sodium and calcium, 
both of which are deficient in the seeds generally. In addition the 
leaf of the plant is several times richer in fat-soluble A than are 
the wheat, oat, and maize kernels. Certain seeds approximate 
the value of the leaf in this substance. Hemp seed is distinetly 
better than those just named, but flaxseed and millet seed are 
still richer than hemp seed and may readily be incorporated in 
the diet in amount sufficient to meet the needs of an animal for the 
fat-soluble A during growth (Charts 1 and 4). 

It is interesting to note that the content of the fat-soluble A is 
highest in those seeds which are smallest (flax and millet). It 
seems not unlikely that this may in some measure be related to 
the relatively large proportion of germ as compared with endo- 
sperm in such seeds. The endosperm is in great part to be likened 
to a mixture of purified proteins, carbohydrates, and fats, while 
the germ is relatively rich in functioning plant cells as well as 
fats, carbohydrates, etc. The great differences in the amount of 
stored food material contained in the germ in various seeds ren- 


§ McCollum, Simmonds, and Pitz, Am. J. Physiol., 1916, xli, 333. 
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der it impossible to make such a comparison very accurate. It 
seems reasonable to suppose that the differences in the dietary 
properties of the entire seed as contrasted with the embryo,'° 
and of polished rice as contrasted with hulled rice, may lie in part 
in the association of the unidentified dietary A and B with the 
functioning cell. The same reasoning may be applied to account 
for the exceptional richness of the leaf in these two dietary prin- 
ciples. The leaf is the seat of great synthetic activity and con- 
sists relatively of a large amount of functioning cells associated 
with those substances which may be considered as the equiva- 
lent of purified protein, carbohydrate, and fats. 

We have pointed out in a previous paper! that the isolated 
plant fats as obtained either by extraction with a fat solvent or 
by hot pressing do not contain the fat-soluble A. Suitably planned 
feeding experiments have shown that it is the fat-free residue of 
the seed which still contains the content of this substance which 
was originally present in the seed. We have demonstrated this 
only in the case of the maize kernel?:"' and the flaxseed (Chart 1, 
Lot 722), but the experiments of Richardson and Green" indicate 
that cottonseed flour still contains a fair amount of this dietary 
factor. We have shown that isolated cottonseed oil is without 
the peculiar growth-promoting property which it would show if 
it contained this substance."! 

1° MeCollum, Simmonds, and Pitz, J. Biol. Chem., 1916, xxv, 105. 


" MeCollum, Simmonds, and Pitz, Am. J. Physiol., 1916, xli, 361. 
12 Richardson, A. E., and Green, H. 8., J. Biol. Chem., 1916, xxv, 307. 
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2,4 LOT /714 


33. 
ts 33. 


Yo 


Cuart 2. Lot 714 illustrates the failure of animals to grow when given 
a mixture of wheat, oats, and maize in equal proportions with distilled 
water. Two factors operate in cohtributing to the inadequacy of this 
diet for growth: viz., there is an unsatisfactory inorganic content and a 
shortage of the fat-soluble A. In Period 2 the latter factor was added in 
butter fat, but there could be no response with growth without the de- 
ficiencies of the inorganic portion of the food mixture being made good. 
The mineral deficiencies of each of these grains have been demonstrated 
elsewhere.!:?: 4 


° 
Ratipn: 


25. 
t 25. 


Cuart 3. Lot 715. Practically no growth can be secured ‘with even four seeds, as the 
above records show. There was but a fair response with growth when a suitable salt mix- 
ture was added after a period of suspension. The reason for this lies in the low content of 
the unidentified fat-soluble A in these seeds. Hemp seed is considerably richer than the 
other seeds in the mixture in this substance so the rats were enabled to grow at a rate below 
the normal. If both salt and butter fat additions had been made simultaneously, growth 
would have been much more rapid. 
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THE PROTEINS OF THE PEANUT, ARACHIS HYPOGZA. 


II. THE DISTRIBUTION OF THE BASIC NITROGEN IN THE 
GLOBULINS ARACHIN AND CONARACHIN.* 


By CARL O. JOHNS anp D. BREESE JONES. 


(From the Protein Investigation Laboratory, Bureau of Chemistry, Department 
of Agriculture, Washington.) 


(Received for publication, March 14, 1917.) 


The culture of peanuts in the United States has increased rap- 
idly during the last ten years. During the year 1916 a large num- 
ber of mills which were formerly engaged in pressing cottonseed 
to obtain oil and press cake were unable to secure a sufficient sup- 
ply of cottonseed and are now pressing peanuts. Thus, there 
has been produced a large supply of peanut oil and peanut press 
cake. The oil, which compares favorably with olive oil for culi- 
nary purposes and is also used for making oleomargarine, has 
found a ready market and was quoted February, 1917, at $1.05 
per gallon. The press cake is ground to a meal and is readily 
finding favor as a stock food. It is quoted at $35 per ton. When 
this meal is made from whole peanuts it contains about 28 per 
cent of protein, while meal made from shelled peanuts contains 
about 45 per cent of protein (N x 6.25). 

In a recent paper (1) from this laboratory it was shown that 
the globulins of the peanut yield a relatively high percentage of 
basie nitrogen. Arachin, which is the chief protein of the pea- 
nut, contains 4.96, and conarachin 6.55 per cent. These values 
were obtained by the Hausmann method in which no correction 
is made for the solubility of the phosphotungstates of the bases 
and are therefore somewhat lower than the figures obtained by 
the Van Slyke method in which such a correction is applied. 
These proteins have now been analyzed by the Van Slyke method 
to ascertain the percentage of the basic amino-acids. The dis- 

* Published by permission of the Secretary of Agriculture. 
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tribution of nitrogen previously reported from analyses by the 
Hausmann method are given in the following table (2). 








N Arachin. Conarachin. 

Amide...... Site Ree Cea ons pieeol 2.03 | 2.07 
Te atlyns ai ao bale 0.22 | 0.22 

. a. seal 
Mee s....5.... ped ocie ta eo 4.96 6.55 
TIER Ses eet acacia ues <cbace ove ens Semte 11.07 9.40 
~ ‘aa. ; ee i . J roe 

EN eed ae ae Ais Balai ae 18.28 | 18.24 





The results of the analyses by Van Slyke’s method show that 
both arachin and conarachin contain arginine, histidine, lysine, 
and cystine. Both proteins also give a strong qualitative test 
for tryptophane. | 





Percentage of Basic Amino-Acids in the Globulins of the Peanut. 








} Arachin. Conarachin. 
NE hd ce ne ig tren cts da's Ta nr 13.51 | 14.60 
IE s/s-0.o cu side eoceabauieen kansas ie ga .| 1.88 | 1.83 
ae Pe ee er See ee 4.98 | 6.04 


0.85 1.07 


Pitre 2) stars cee ce vr eens axeined vets 





The figures for cystine are undoubtedly too low, as they repre- 
sent only the cystine which escaped destruction during the hydrol- 
ysis of the proteins with hydrochloric acid. 

The most important fact brought out by these analyses is the 
high content of lysine in arachin and conarachin. For the sake 
of comparison the percentages of lysine in the proteins of some com- 
mon seeds and in muscle from some animals are also given in the 
following tables. 

The figures marked by (§) were obtained by the Van Slyke 
method and, therefore, probably represent the maximum per- 
centage of lysine obtainable. Those not so marked were ob- 
tained by Kossel’s absolute method and may be somewhat too 
low. It is seen, however, that the percentages of lysine in arachin 
and conarachin of the peanut are relatively high, and, indeed, 
approach the lysine content of muscle substance of different ani- 
mals. It will also be noted that no lysine has been found in zein 
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C. O. Johns and D. B. Jones 35 
and that the maximum percentage of lysine obtained from gliadin 
is only 1.21 per cent. 

Osborne and Mendel (3) and other workers have shown that 
lysine is essential to the growth of animals. Nutrition experi- 
ments indicate (4) that the animal organism cannot synthesize 
lysine which must, therefore, be provided in suitable quantity 
in the food to insure normal growth. Since the muscle sub- 
stance of animals contains about 7 per cent of lysine, foods defi- 
cient in this essential amino-acid should be supplemented by the 


Lysine Content of Some Vegetable Proteins. 





Protein. | Source. Percentage. 
Zein. Maize. 0.00* 
Gliadin. | Wheat. §1.21** 
Legumin. | Pea. | 4.297 
Phaseolin. Kidney bean. 4.58t 
Arachin. Peanut. | $4.98 


Conarachin. ” $6.04 


* Osborne, T. B., and Jones, D. B., Am. J. Physiol., 1910, xxvi, 227. 

** Osborne, T. B., Van Slyke, D. D., Leavenworth, C.S8., and Vinograd, 
M., J. Biol. Chem., 1915, xxii, 259. 

t Osborne, T. B., and Clapp, S. H., J. Biol. Chem., 1907, iii, 219. 

t Osborne, T. B., Ergebn. Physiol., 1910, x, 116. 





Lysine in Muscle Substance of Different Animals.* 


Scatlow (Poectew trradiqns®) ...... 6.2 cc cass ccwccces Heer 5.77 
Halibut (Hippoglossus vulgaris)........... poh a a eee ates Os 
eae diaiel ail dhunenccdynshbhedwaws xs 7.24 
Rein hea wll aida se dineee eas Pas esha tn dakwees ead 7.59 


* Osborne and Jones, Am. J. Physiol., 1909, xxiv, 438. 


addition of other foods which contain a high percentage of lysine. 
Wheat and corn, both of which contain but little lysine, should 
therefore prove more efficient diets if supplemented by some food 
of high lysine content. Peanut meal appears to be well adapted 
to this purpose. From a nutritive standpoint, it is one of our 
cheapest foods and seems to possess no objectionable properties. 
Animals fed on it thrive and increase rapidly in weight (5). It 
therefore seems probable that corn and wheat could be much bet- 
ter utilized and a considerable saving in the cost of feeding ef- 
feeted by supplementing these cereals with peanut meal. 
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Peanuts may be used in many ways for human consumption. 
The Laboratory of Plant Chemistry of the Bureau of Chemistry 
has found that a mixture of 75 per cent of wheat flour and 25 per 
cent of peanut flour makes excellent bread. Such a bread is 
higher in protein content and contains much more lysine than 
bread made from wheat alone. 

Investigations on the proteins of the peanut will be continued. 


EXPERIMENTAL. 


Analysis of Arachin.—Duplicate samples of 3 gm. of arachin, 
each equivalent to 2.7210 gm. of ash and moisture-free protein, 
were hydrolyzed by boiling with 100 ec. of 20 per cent hydrochloric 
acid for 24 hours. The protein contained 18.28 per cent of nitro- 
gen, equivalent to 0.4974 gm. in each of the samples analyzed. 
The phosphotungstates of the bases were decomposed by the 
amyl aleohol-ether method. The following results are corrected 
for the solubilities of the phosphotungstates of the bases. 


Analysis of Arachin. Van Slyke Method. 
Total Nitrogen n Corrected for Solubility of Bases. 

















I IT. I. | II | Average. 

| gm. | gm. | per cent | per cent | per cent 

eee ........| 0.0581) 0.0594 11.68 | 11.94) 11.81 
Humin N adsorbed by lime........| 0.0028} 0.0029, 0.56 | 0.59 0.57 
Humin N in amy! alcohol extract...) 0.0035) 0 0007 0.71 0.15 0.48 
errr. © 0036) 0.75 0.73) 0.74 
Arginine N............ Pees 0. 1182} 0. 1183} 23.76 | 23.78) 23.77 
Histidine N. ’ _...| 0.0112) 0.0166) 2.24 3.33| 2.78 
Lysine N..... Lecedeeeeceeseessess] 0.0257] 0.0262] 5.17 | 5.28) 5.22 
Amino N of filtrate..... .......| 0.2640) 0.2662! 53. 08 | 53.52) 53.30 
Non-amino N of nuinate Ma es -+| 4 0. ).0076} 0.0089, 52 1.79} 1.65 
“Total N regained eeceeeee es | 0.4948) 0.502 28| 99.47 | 101.11) 100.27 








Basic Amino-Acids in Arachin. 
































I. Il. Average. 
il ae 23 |_ i 

| per cent per cent per cent 
od bec es 8s a ed ow Licensee —_ 13.51 13.51 
IN fu Aig drach hk shine os ok ince ats "| 51 | 2.2 1.88 
ne Cte ee ey ae tee es a 5.0. 4.98 
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Analysis of Conarachin.—Duplicate samples of 3 gm. of con- 
arachin, each equivalent to 2.6967 gm. of ash and moisture-free 
protein, were hydrolyzed by boiling with 100 ec. of 20 per cent 
hydrochloric acid for 24 hours. The protein contained 18.23 per 
cent of nitrogen, equivalent to 0.4916 gm. in each of the samples 
analyzed. Ether and amyl alcohol were used to decompose the 
phosphotungstates of the bases. The following results are cor- 
rected for the solubilities of the bases: 


Analysis of Conarachin. Van Slyke Method. 
Total Nitrogen Corrected for Solubility of Bases. 
































a | Il. | I, II. | Average. 
ie a om | om. loweull weactl eran 
: y | | 
oS Cae ees ok 0.0548; 0.0542) 11.14 | 11.02 | 11.08 
Humin N adsorbed by lime........| 0.0031) 0.0033) 0.64 | 0.67 | 0.65 
Humin N in amy! alcohol extract..| 0.0007; 0.0006} 0.13 | 0.12} 0.13 
52 irs as oa og wk pw ikode 0.0046; 0.0028} 0.93 | 0.58 | 0.75 
SS Se ee ..| 0.1247) 0.1288} 25.37 | 26.19 | 25.78 
Histidine N.......... ..eeeee) O.O0131] 0.0136) 2.67] 2.78 | 2.72 
Lysine N.......................+++] 0.0320] 0.0305] 6.51] 6.20] 6.35 
° - » | 
Amino N of filtrate.......... || 0.2486] 0.2452] 50.57 | 49.88 | 50.23 
Non-amino N of filtrate.......... | 0.0089} 0.0102) 1.81 2.08 1.94 
y SS Se eee -| =a 
Total N regained......... eed 0.4905) 0.4892) 99.77 | 99.52 | 99.63 
Basic Amino-Acids in Conarachin. 
I. Il. Average. 
ne ae ee ea LE Se SS 
per cent per cent per cent 
Arginine........ ee a | 14.37 | 14.84 14.60 
Serer err. it ae ae 
ii tcrl i 4c0th ks rasta ewkasees ..| 6.20 | 5.89 | 6.04 





SUMMARY. 


1. The globulins of the peanut have been analyzed by the Van 
Slyke method and the results show that they contain the basic 
amino-acids, arginine, histidine, lysine, and cystine. 

2. The relatively high percentage of lysine in the proteins of 
the peanut indicates that this seed might be used to advantage in 
supplementing diets deficient in lysine. 
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A NOTE ON THE SOLUBILITY OF CHOLESTEROL- 
DIGITONIDE. 


By J. HOWARD MUELLER. 


(From the Pathological Laboratory of the Presbyterian Hospital, Columbia 
University, New York.) 


(Received for publication, March 30, 1917.) 


In a review of the colorimetric and gravimetric methods for 
the determination of cholesterol,’ it was shown that the colori- 
metric method of Autenrieth-Funk? gave results about 20 per cent 
higher than those obtained by the Fraser and Gardner* modifica- 
tion of the Windaus‘ digitonin method, while a colorimetric pro- 
cedure proposed by Bloor’ gave results even as much as 50 per cent 
higher than the latter. From the experimental evidence it was 
concluded, however, that the lower gravimetric values were prob- 
ably more néarly correct. Bloor® has recently criticized this 
conclusion on the basis that the digitonin-cholesterol compound 
is sufficiently soluble in the ether used for washing to account for 
the low results. 

Owing to the fact that pure cholesterol solutions give practically 
theoretical results when precipitated by digitonin and washed 
with ether and hot water, this criticism does not seem well founded. 
Nevertheless, solubility determinations of the compound in ether 
and in boiling water have been made and are here presented. 

The compound was prepared by precipitating recrystallized 
cholesterol made from gall-stones, by digitonin, filtering, washing 
thoroughly with alcohol and ether, and drying. Some of the re- 
sulting compound was shaken with ether for 24 hours at room 


1 Mueller, J. H., J. Biol. Chem., 1916, xxv, 549. 

2 Autenrieth, W., and Funk, A., Miinch. med. Woch., 1913, Ix, 1243. 

* Fraser, M. T., and Gardner, J. A., Proc. Roy. Soc., Series B, 1909, 
Ixxxi, 230. 

4 Windaus, A., Z. physiol. Chem., 1910, Ixv, 110. 

5 Bloor, W. R., J. Biol. Chem., 1916, xxiv, 227. 

6 Bloor, W. R., and Knudson, A., J. Biol. Chem., 1916, xxvii, 107. 
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temperature. After filtering, exactly 100 cc. were evaporated in 
several portions from a small weighed porcelain dish, the residue 
dried at 110°, and weighed. As an average of three determina- 
tions, 0.0007 gm. was found to have dissolved in 100 ce. of the 
ether. Similar determinations, using boiling water as solvent, 
showed a solubility of 0.0006 gm. in 100 ce. 

Since approximately 100 ce. each of ether and hot water are 
used for washing in actual determinations of cholesterol, it is evi- 
dent from these figures that an error of about 3 per cent might be 
accounted for in this way on 0.01 gm. of cholesterol (= 0.04 gm. 
compound), leaving the colorimetric results by Bloor’s method 
still perhaps 45 per cent. too high. 
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UREA AS A SOURCE OF BLOOD AMMONIA. 


By GEORGE D. BARNETT ann THOMAS ADDIS. 


(From the Laboratory of the Medical Division of the Stanford University 
Medical School, San Francisco.) 


(Received for publication, March 6, 1917.) 


In the course of a recent study of urea excretion in rabbits it 
was sometimes found that within 3 to 2 hours after a dose of 5 
gm. of urea by stomach tube the animals would have severe gen- 
eral convulsions, usually terminating in opisthotonus and death. 
In a series of 131 experiments such convulsions occurred in eight 
instances, while in the remaining animals no symptoms of intoxi- 
cation were noted. Ammonia poisoning was suspected, since we 
had seen similar symptoms after the intraperitoneal injection of 
a urea solution which contained ammonia produced by the action 
of contaminating bacteria. This suspicion was confirmed when 
it was found that all rabbits with convulsions in which blood am- 
monia determinations were made showed a marked increase in 
ammonia. As much as 11 mg. per 100 ec. were found in one in- 
stance, although the urea solution used contained scarcely rec- 
ognizable traces of ammonia. Attention has been called to the 
same phenomenon by Bang (1) who found a similar increase of 
blood ammonia in rabbits after 10 gm. of urea given by mouth, 
and showed that a blood concentration of about 4 mg. ammonia 
may be lethal. The same dose of urea given intravenously pro- 
duced no symptoms, and he therefore concluded that the urea 
was changed into ammonia by the flora of the large bowel. How- 
ever, his statement that this conclusion was also confirmed ex- 
perimentally is not supplemented by any report of the experi- 
mental details. Catheart (2) has recently brought forward evi- 
dence which would indicate the possible derivation of ammonia 
from urea given intravenously. Her figures show a slight increase 
of liver and muscle ammonia, but are far from convincing when we 
consider the sources of error of the tissue-ammonia method used. 

We have therefore undertaken a brief investigation of the blood 
ammonia in rabbits following urea given (1) directly into the bowel, 
41 
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and (2) intravenously, with and without exclusion of the bowel 
circulation. Serial determinations of the blood ammonia have 
been made by the method described by one of us (3), and the 
results are here given as graphs showing the amount of ammonia 
obtained from the blood at varying intervals following the urea 
injections. 


I. Blood Ammonia Following Direct Injections of Urea into the Digestive 
Tract. 


1. Weight of rabbit 1,200 gm. Ether anesthesia. Midline incision. 
3 gm. of urea in 20 per cent solution injeeted directly into the large bowel 
and appendix. Irregular spasmodic respiration after 45 minutes. Death 
with respiratory failure at 53 minutes. 

2. Weight of rabbit 1,200 gm. Same procedure. Jerky breathing after 
30 minutes. Death with respiratory failure at 37 minutes. 

3. Weight of rabbit 1,000 gm. Same procedure, with injection of 3.0 
gm. of urea into bowel. No symptoms. Bled to death. 

4. Weight of rabbit 1,300 gm. 5 gm. of urea (20 per cent) injected di- 
rectly into the stomach after ligation of the pylorus. No symptoms. 
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Results.—Blood ammonia in rabbits shows a rapid rise follow- 
ing direct injection of large doses of urea into the large intestine. 
No significant rise occurs after urea injection into the stomach 
with the pylorus ligated. 
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II. Blood Ammonia Following Intravenous Injections of Urea. 


OF 


1. Weight of rabbit 1,000 gm. Ether anesthesia. 15 gm. of urea in 25 
per cent solution by cannula into the jugular vein during 13 minutes. 
Death with respiratory failure at 90 minutes. 

2. Weight of rabbit 2,050 gm. Ether anesthesia. Celiac axis and su- 
perior and inferior mesenteric arteries clamped through lateral abdominal 
incision. 10 gm. of urea (20 per cent) injected intravenously during 7 
minutes. Death from pericardial hemorrhage following removal of a blood 
sample from the heart. 

3. Control. Weight of rabbit 2,250 gm. Vessels clamped as in No. 2. 
No urea given. Bled to death after 120 minutes. 


Results —The blood ammonia may show marked and rapid 
rise in rabbits following large doses of urea intravenously. A 
smaller and delayed rise may occur with the bowel circulation 
excluded. 


DISCUSSION, 


The striking increase of blood ammonia following the intra- 
venous urea is, we believe, the clearest evidence that has been 
brought forward to suggest the possible derivation of ammonia 
from urea in the body. 


The studies of Jacoby (4) and Lang (5) showed a slight urea-splitting 
activity of tissues in vitro, but are of little value, since bacterial action 
could not be excluded. Eppinger (6) reported that subcutaneous urea will 
prevent acid intoxication in rabbits when two or three times the lethal 
dose of hydrochloric acid is given by mouth, and concluded that the acid 
is neutralized by ammonia obtained from the urea. Pohi and Miinzer (7) 
were unable to confirm Eppinger’s experiments, but as noted by Eppinger 
(8) they gave the urea by mouth, a method which he also found inefficient. 
Their criticism that the extreme toxicity of ammonia for rabbits would 
speak against Eppinger’s theory seems justified. The marked diuretic ac- 
tion of urea would appear to be a better explanation of its beneficent ef- 
fect on acid intoxication. Observations on urinary ammonia following 
urea taken by mouth in man have yielded conflicting results. Janney (9) 
concluded that no ammonia is formed from the urea taken, although his 
protocols occasionally show a distinct increase in ammonia output follow- 
ing the urea dose. Lichtwitz (10) and Wolf (11) reported a considerable 
increase in ammonia output after taking urea, and concluded that the 
ammonia is formed from the urea. But here, too, the effects of urea diure- 
sis cannot be disregarded. Wakeman and Dakin (12) and Jansen (13) in 
perfusion experiments found no evidence of a reversibility of the am- 
monia-urea reaction in the liver. Momose (14), using the oxygen-absorbing 
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capacity of the blood as a measure of its reaction, concluded that there is 
an increased alkalinity of the blood following urea given by mouth. The 
figures before and after urea, however, are apparently within the limits 
of error of the method. 


We would explain the difference between our results with intra- 
venous injection and those of Bang (1), who found no ammonia 
poisoning, by the fact that we have used larger doses of urea. 
Furthermore, as he made no determinations of blood ammonia 
in his intravenous experiments, a considerable sublethal rise may 
have occurred, a condition which we have found in experiments 
not here given in detail. 

Some of our rabbits have died during or immediately following 
the urea injections, with general muscular twitching and fine 
irregular clonic spasms of the extremities, but without increase of 
blood ammonia. These are apparently due to urea poisoning, 
and are quite different from the ammonia convulsions, which have 
only occurred in animals surviving the direct urea intoxication. 

It is clear that we have not determined the source of the am- 
monia. The attempt to exclude the bowel by clamping the arteries 
is not a satisfactory procedure, and is open to the criticism that 
the ammonia resulting from the autodigestion of the stomach and 
small bowel may find its way into the peritoneal cavity and be 
absorbed there. In fact we found in one such experiment an am- 
monia content of 26 mg. per 100 ec. in the fluid which accumu- 
lated in the peritoneal cavity. The same case showed perfora- 
tion of the stomach. The delay in the ammonia rise when the 
bowel is excluded might suggest that the bowel is an important 
source of the ammonia, and it is of interest to recall that Herter 
(15) noted in certain animals a transudation of urea into the in- 
testine following intravenous urea. But the rapidity of the rise 
in ammonia following simple intravenous urea would seem to us 
to indicate the possibility of some other mechanism. Further 
work is in progress toward the solution of the problem. 


SUMMARY. 


1. The blood ammonia of rabbits shows a marked increase fol- 
lowing large doses of urea given by mouth, or directly into the 
bowel, or intravenously. Death from ammonia poisoning fre- 
quently follows such injections. 
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2. A less marked and later rise in blood ammonia may occur 


following intravenous urea in rabbits in which the bowel circula- 
tion is excluded. 


3. The possibility that this ammonia may arise elsewhere than 


in the bowel is pointed out. 


~ 
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THE INFLUENCE OF THE PROTEIN INTAKE ON THE 
EXCRETION OF CREATINE IN MAN. 


By W. DENIS. 


WITH THE ASSISTANCE OF ANNA S. MINoT. 


(From the Chemical Laboratory of the Massachusetts General Hospital, 
Boston.) 


(Received for publication, March 29, 1917.) 


In a previous paper! we have shown that in man the excretion 
of creatine is largely confined to the day, only a small proportion 
of the total amount of this substance found in the 24 hour urine 
being eliminated during the night. It was also noted that during 
the day the output of creatine rose markedly after each meal, 
thus showing the unmistakable influence of the ingestion of 
creatine-free food on the excretion of this body. In the present 
paper we wish to present the results of a series of experiments 
which we think add further stability to the evidence concerning 
the influence of protein ingestion on creatine excretion. 

In the course of a series of creatine determinations made on the 
urine of a number of patients suffering from hyperthyroid dis- 
ase, it was noted incidentally that those patients who were pos- 
sessed of the insatiable appetite so often seen in the victims of 
this malady had considerable quantities of creatine in the urine, 
while persons suffering from an equally severe form of the same 
disorder, but possessed of little or nearly normal appetite, excreted 
much smaller quantities of this body. On the working hypothesis 
that the urinary creatine is dependent on the intake of protein in 
the food, we have carried out a series of feeding experiments in 
which patients were fed for varying periods first on the highest 
protein diet (creatine-free) that they could be induced to take, 
and then on one containing the minimum amount of protein. 
The subjects used in the experiments recorded below were kept 
in bed during the entire period of observation. 


1 Denis, W., J. Biol. Chem., 1917, xxix, 447. 
47 
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Experiment. | Sex. Age. Weight. 





Subject. 





































| 
| | | yrs. | kg. 
I | I F. | 33 | 55.2 
a Aw M. | 35 | 58.0 
mm | _ F } | 59.0 
IV | IV | 46 | 52.3 
vs vs I | 23 | 54.5 


All were suffering from hyperthyroid disease of moderate se- 
verity and were receiving no drugs during the experimental 
period. 

Observations of body temperature were made at 7 a.m. and 7 
p.m. daily, but as no temperatures above normal were recorded 
these figures have been omitted from the table. 

An attempt was made to use practically the same articles of 
food in all five cases, but personal idiosyncrasies made it neces- 
sary to vary to a certain extent the quantity of food given. 

During the periods of high protein feeding the following foods 
were used: bread, a wheat cereal, butter, 40 per cent cream, eggs, 
cheese, gelatin, sugar, oranges, and apples. During the low pro- 
tein periods the food consisted of bread, rice, tapioca, butter, 40 
per cent cream, potatoes, olive oil, fat bacon, sugar, arrowroot 
starch, lactose, lettuce, oranges, apples, and bananas. 

Creatine and creatinine determinations were made by Folin’s 
micro method,” specially purified picric acid being used. The ni- 
trogen determinations were made by the colorimetric method of 
Folin and Denis.’ 

The figures given in Table indicate gm. of creatine, creati- 
nine, and total nitrogen found in a 24 hour quantity of urine. 

As will be seen by an inspection of the figures tabulated below 
it is apparent that the quantity of protein taken in the food exerts 
an unmistakable effect on the excretion of creatine in man, a 
finding in accord with the observations made by McCollum and 
Steenbock‘ on the pig. Mendel and Rose® have shown that the ad- 
ministration of carbohydrate to starving rabbits causes a marked 

2 Folin, O., J. Biol. Chem., 1914, xvii, 472. 

3 Folin and Denis, J. Biol. Chem., 1916, xxvi, 473. 
4 McCollum, E. V., and Steenbock, H., J. Biol. Chem., 1912-13, xiii, 209. 
5 Mendel, L. B., and Rose, W. C., J. Biol. Chem., 1911-12, x, 213, 255. 
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iq diminution in the excretion of creatine. Arguing from the re- 
ag sults obtained by these investigators, it might be claimed that 
me ° . ° . 

oe the high creatine figures found during the periods of forced pro- 


tein feeding are due to a lack of carbohydrate in the diet. While 
the fact that during the periods of low protein feeding we not 


TABLE I. 


‘ 
| 











Experiment I. Experiment IT. Experiment III 
Day ent) | { j ce ign j j - 
’ 1 Pre pared | | | Prepared | —, Prepared 
Total Total lee Total : 
|nitrogen — ‘ reatine. nitro on. | — \C reatine [nitrogen — Creatine. 
gm. gm. i gm. gm. | gm. | gm. gm. gm gm. 
| | 
1} 9.1) 0.66 | 0.26 | 10.2 | 1.22/ 0.46| 11.9! O84) 0.64 
21 1.2] 0 a Be 48/ 8.7] 1.25] 0.22] 12.2] 0.78] 0.65 
| | | 
3 | 9.2) 0.69! 0.54) 6.6) 1.24] 0.19] 11.1! 0.82) 0.53 
4} 12.7] 0.71] ; 61| 13.2} 1.20} 0.34| 10.4] 0.81! 0.48 
5 | 7.0 | 0.68| 0.56] 20.7/| 1.33] 0.75| 8.8] 0.80] 0.48 
6) 6.5 | 0.69 | 0.29] 21.8] 1.29] 0.79} 8.5] 0.83} 0.31 
7 | 5.6) 0.68) 0.11 | | 6.6| 0.78 | 0.27 
8 | 4.7) 0.68 | 0.08 | | 63) 0.78 | 0.32 
Experiment IV | Experiment \ 
Day . - 
Total Prepared _ : Total Prepared wee : 
nitrogen. creatinine Creatine. cna creatinine Creatine. 
| gm. | gm. gm. gm. gm, gm 
1 0.62 0.03 | 14.44 | 0.68 0.39 
2 8.5 0.62 | 0.03 11.07 0.71 0.29 
3 12.2 0.58 0.16 11.0 0.70 0.32 
4 13.7 0.60 0.24 10.8 0.70 0.32 
5 11.4 0.62 | 0.25 7.0 0.68 0.16 
: 6 12.1 0.75 | 0.25 5.5 0.74 0.00 
: 7 8.08 0.74 0.19 | 
4 8 4.16 0.60 0.00 | 
e | 
: only decreased the intake of protein but also increased the con- 
4 sumption of carbohydrates cannot be denied, we feel the above 


F | objection to be invalid, as, on looking over the diet lists, it is ap- 

‘ parent that at least 300 gm. of carbohydrate were consumed 
daily by all the subjects during the high protein periods, an 
amount certainly sufficient to preclude the idea of “carbohydrate 
starvation.” 
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The conditions under which creatine excretion has been noted 
in man, v24., in starvation, in childhood, in pregnancy, in fevers, 
and in hyperthyroid disease, are all conditions accompanied by a 
high level of protein metabolism. The observations of Krause,® 
that small quantities of creatine are frequently found in the 
urine of women, may also possibly be attributed to the relatively 
high protein intake of women when considered from the stand- 
point of their muscular development. 

It was pointed out some 10 years ago by Folin that the results 
obtained in feeding experiments with creatine depend entirely on 
the previous diet of the subject. If the food had been low in pro- 
tein, a marked retention of creatine was observed; if high, most of 
the ingested creatine was found in the urine. 

As a working hypothesis it may be suggested, therefore, that on 
the ingestion of protein some fraction of this is transformed into 
creatine, transported to the muscles, and there absorbed.’ If so 
much creatine is manufactured that the muscles become super- 
saturated, creatine is excreted by way of the kidney. What 
would constitute supersaturation would depend not only on the 
total mass of muscle, but on the capacity for creatine absorption 
possessed by these muscles. Thus it will be noted in the experi- 
mental results presented above that the first day of high protein 
feeding seldom brings about much of an increase in the creatine 
excretion; it is only after a day or two of this diet that a marked 
increase in excretion is observed. 

It must also be borne in mind that the muscles of different indi- 
viduals on the same diet may and probably do have different 
saturation points. It has been pointed out by Folin and Denis® 
that if, as they suggest, the creatine found in the urine of children 
is due to an excessively high level of protein consumption, then it 
should be possible to reproduce in adults by forced feeding with 
protein the condition with reference to creatine found in children. 
It is exceedingly improbable, however, that any creatine excre- 
tion would result were the diet given to these hyperthyroid pa- 
tients eaten by a normal woman. It would therefore seem pos- 
sible that in this condition and in some other pathological condi- 

® Krause, R. A., Quart. J. Exp. Physiol., 1911, iv, 293. 


* Folin and Denis, J. Biol. Chem., 1914, xvii, 493. 
8 Folin and Denis, J. Biol. Chem., 1912, xi, 253. 
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tions, as well as in childhood, the saturation point of the muscle 
for creatine is low, a hypothesis supported by the low values for 
muscle creatine found in children and in persons suffering from 
exophthalmic goiter.® 


SUMMARY. 


Results are presented on five cases of Graves’ disease in which it 
is shown that the amount of creatine excreted by these individu- 
als is dependent on the intake of protein, being increased by high 
protein feeding and decreased or even eliminated by low protein 


feeding. 


® Denis, J. Biol. Chem., 1916, xxvi, 379. 








= - 
reitad = 
tw tr —— ne 
nt Rmmatnnteetariatng inci it ee CS uh aR Ms at a argo ae = - Cth ENED ee EI a NTS Ra ae sili ~ ee Ree: a can eRpnsmenentemamepage see ne tre er 
—— eC eA le SAD ORES ER OEE wreath ear mtn Tres ie Sesion Oona arin Pairnsty in acted: = a = : A ms nat ma <7 









PN ey a he ee ies te ia a 


PA oie: or 


er 


(Sec 


Ltda Sects Socateks 4a iia 
Seer 








REEL Toit oes i Re ERED 


eee 











INHIBITION OF DIGESTION OF PROTEINS BY 
ADSORBED TIN. 


By B. C. GOSS. 


From thé Department of Chemistry, Princeton University, New Jersey.) 


(Received for publication, March 28, 1917.) 
INTRODUCTION, 


It is known that tin is present in foods which have been packed 
in tin cans, and, since it is taken into the body, the question of the 
toxicity of the tin is important. Determinations of the toxicity 
of soluble tin salts have been made by a number of investigators.' 
We have shown in a previous paper that, in some of these foods, 
the tin removed from the lining of the can remains in true solu- 
tion; that is, in a dialyzable form.* In the case of such foods, 
determinations of physiological action, as usually made, would 
apply. Many fruits and vegetables, however, while containing 
little acid, still dissolve large quantities of tin and in these the 
greater percentage of the tin has been shown to be present in an 
insoluble form, neither dialyzable nor filterable. This was es- 
pecially true in foods whose protein content was high. We 
found, too, that this tin was very firmly bound, and, judging from 
the stability of this tin-protein complex, we suggested the possi- 
bility that it might pass through the body without being broken 
up by digestion. In order to secure evidence on these points, 
artificial gastric and tryptic digestions of proteins have been 
carried out in the presence and absence of adsorbed tin. 


EXPERIMENTAL, 


Several methods were available for the study of proteolytic ac- 
tion, the applicability of each depending on the nature of the in- 
' White, T. P., Arch. exp. Path. u. Pharm., 1880-81, xiii, 53. Ungar, 
Ik., and Bodlinder, G., Z. Hyg., 1887, ii, 241. Salant, W., Rieger, J. B., and 


Treuthardt, E. L. P., J. Biol. Chem., 1914, xvii, 265. 
* Goss, B. C., J. Ind. and Eng. Chem., 1917, ix, 144. 
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vestigation. Since we were only interested in comparing the 
rate and extent of proteolysis of proteins containing adsorbed tin 
with that of the normal protein, a method which gave relative re- 
sults and could be rapidly carried out was desirable. The biuret 
reaction, as described by Sherman and Neun in a recent review 
of methods,’ fulfilled these conditions, the gradual change in color 
from violet to rose-red indicating the formation of peptones. 
The methods which depend on a change in hydrogen ion concen- 
tration, such as the formol titration, were not applicable here 
because of the fact that adsorption phenomena occurred in the 
vase of the tin-protein complex, producing a change in acidity when 
no enzyme was present. For example, a series of albumins, con- 
taining varying amounts of adsorbed tin, was placed in contact 
with a 0.5 per cent NaeCO; solution and it was found that as the 
percentage of tin increased, the decrease in acidity became more 
marked, although no tin went into solution. 
TABLE I. 
Decrease in Acidity of Solutions in Contact with Tin-Protein Adsorption 
Complez. 

8 gm. of albumin in 150 ce. of 0.5 per cent Na,COs;. 25 cc. of this solution 

were found equivalent to the following volumes of 0.1 N HCl. 


Time, Ars _ ; rail A Lins 0 } | 1 
| | Decrease 
in HCl. 


Mixture 0.1. N HCI required. 


ape 
ce. 
es . ses | a 
Albumin without tin... 9.55 8. | 
m with 1.16 per cent tin 9.55 | 

“cc “ 32 8 “ “ce “ee 9 6 | 


This phenomenon will receive further attention. 

The biuret reaction, taken together with the visible differences 
in the amounts of coagulated proteins left undissolved at any 
period of time, and supplemented by tin determinations on the 
digestion liquor and residue, was found to give interesting results 
from the point of view indicated above. 

The proteins studied were egg albumin, edestin, casein, and the 
10 per cent NaCl extract of globulins (and albumins) from pea- 


3 Sherman, H. C., and Neun, D. E., J. Am. Chem. Soc., 1916, xxxviii, 
2199. 
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beans, each in the solid form. The egg albumin was prepared by 
boiling eggs for 10 minutes, removing the albumin, and pressing 
it through a 20 mesh gauze, thus obtaining samples of uniform 
surface and water content. 7 gm. samples of this albumin were 
then weighed out and placed in a series of flasks, 100 cc. of a solu- 
tion of stannic ammonium chloride in 1 per cent HCl being added 
to each, the concentrations ranging from 10 to 0.01 per cent. 
After remaining in contact with the albumin for 12 hours, during 
which time the mixture was frequently stirred, a 10 cc. portion of 
the solution was withdrawn from each concentration and analyzed 
for tin; then the tin solutions were drained off and the albumin 


xix 
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Fic. 1. Adsorption of tin by coagulated egg albumin. 


was washed repeatedly with distilled water, finally being left 
over night under distilled water, this water giving no test for 
tin. A part of the solid was dried at 110°C. and the percentage 
of tin determined, after destruction of the organic matter, by 
precipitating as sulfide from acid solution, the sulfide being roasted 
and weighed as SnO.. From these results the adsorption curve 
was plotted. 

The heat-coagulated globulins from beans, crystallized edestin, 
and the acid-precipitated casein from milk were all treated in a 
similar way and were all found to adsorb tin in varying degrees. 

Equal volumes (100 cc.) of a solution of 0.5 per cent pepsin in 
0.05 Nn HCl were added to the protein and tin-protein samples 
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and the flasks placed in a thermostat at 38°C. At intervals the 
filtrate was tested by the biuret reaction and the appearance of 
the solid noted. After the experiment was finished, the per- 
centage of tin in the solid residue was determined and the liquor 
tested for filterable and dialyzable tin. 

In the same way another series was treated with a solution of 
trypsin, 0.5 per cent, in 0.1 N NasCQOs. 

Some typical results follow. 





TABLE I. 


Peptic Digestion of Egg Albumin as Indicated by the Biuret Reaction. 


Percentage of tin in coagulated albumin. 


1.16 12.8 18.5 26.8 


0 
Boiled. 


hrs | | 
1 | Violet. | Red.| Red- | Violet. 
violet. 
Violet- 
red. 


Red. 


Violet. Violet. Violet. 
Red- 

violet. 

Violet- 
red. 


Red. 


Red-violet. Red- 
violet. 
Violet- 


red. 


Violet-red. Red-vio et. 


volume at the end of 18 hours. 


50.5 
per cent tin. 

Dialyzable 
tin, none. 

Filterable tin, 
traces. 


Residue, 


Residue, 48.2 
per cent tin. 

Dialyzable tin, 
none. 

Filterable tin, 
traces. 


The albumin containing no tin was almost completely dissolved after 2 
hours, while the albumin with 26 and 32 per cent tin showed little change in 


The volume of the residue after 1S hours was 


proportional to the percentage of tin in the albumin at the beginning of the 
experiment. 




















Time 7 
Boiled 0 1.16 12.88 18.58 26.85 2 8 
l Violet Red- Red- Violet. | Violet. | Violet. | Violet 
violet. | dish 
violet. 
2 - Violet- | Red- Red- - re 
red. violet. dish 
violet. 
{ " > : ted- Red- ted- - 
violet. | violet. | violet. 
6 ss “ Violet - 6 4 = Reddish violet. 
| red. 
B IS * Red. = Violet- 6 a Red-violet. 
pe: red. Residue 62.7 per 
f cent tin. 
Dialysate, no 
tin. 
Filtrate, no tin 
Mie In tin 0 per cent there was almost complete solution after 4 hours, while 
Be in tin 32 per cent there only was a slight apparent volume change after 18 
£ hours. 
TABLE I\ 
2 Casein, Peptic Digestion. 
7 Percentage of tin in casein 
& rime : 
x 0 1.02 8.5 21.4 
a hr 
% 3 Violet-red. Violet. Violet. Violet. 
# 5 Red. Red-violet. pe - 
4 9 Violet-red. Violet-red Red-violet. 
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TABLE IIL. 


Coagulated Egg Albumin. 






Tryptic Digestion as Indicated by the Biuret Reaction. 


Percentage of tin in coagulated albumin 


Red. Red. 





Violet-red. 
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TABLE V. 


Edestin, Tryptic Digestion. 





gee 
oo Ts 1 | Ts | in-protein from 5 
Time. Tin 0, boiled. Tin 0. | per cent solution. 


lve } 
1 Violet. | Violet-red. | Violet. 
Red. . 

18 | “ 


Red-violet. 
Violet-red. 


| 
| 





After 18 hours the normal edestin was almost completely dissolved while 
there was no apparent change in the tin-edestin. 

The results given by the biuret reaction in the case of the globulins were 
not decisive, but, while the normal globulin was almost completely dis- 
solved after 6 hours, the tin globulin showed little or no change after 18 
hours. 


TABLE VI. 
Peptic Digestion, Egg Albumin Containing 87 per Cent Tin. 


| 


Time. Tin 0, boiled. Tin 0. Tin 37 per cent. 





hrs. 
2 Violet. Red-violet. Violet. 
8 ™ Red. “ 
24 “ “ 
48 - Red-violet. 
100 = Red. 











After 100 hours there was almost no change in the volume of the solid 
albumin in the digestion mixture in the flasks containing the tin-protein 
complex. A duplicate which was examined at the end of 48 hours was found 
to have no dialyzable tin, 3 mg. of filterable tin, and 1,175 mg. of tin in the 
washed solid residue. 








CONCLUSIONS. 


We have found that tin is readily adsorbed from solutions by 
coagulated proteins in amounts varying with the concentration 
according to the adsorption law of Freundlich; that this adsorp- 
tion takes place rapidly at first and then continues to increase 
slowly for several days, presumably because of the time required 
for diffusion into the solid. The adsorption complex is extremely 
stable and does not lose tin to a dilute acid or alkaline aqueous 
phase containing no tin although the percentage of tin in the solid 
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may be as high as 50 per cent. The presence of this tin, even in 
small amounts, interfered markedly with the digestion of the pro- 
tein by either peptic or tryptic digestion, as was indicated by the 
change in color of the biuret reaction and by the visible retarda- 
tion of the solution of coagulated proteins. At the end of a 6 
hour digestion, under exactly the same conditions, it was possible 
to arrange a series of albumins in the order of the increasing per- 
centages of tin, by observing the extent to which solution had taken 
place. It was observed, however, that when the time was in- 
creased a certain amount of solution or digestion did occur even 
when the protein contained large amounts of tin, and that in 
the case of the proteins of low tin content, comparable with the 
condition present in a can of food, only a small residue was left 
undissolved. This residue contained practically all the tin. 
Also, if a sample of albumin was left but a short time in contact 
with a strong tin solution before being subjected to digestion, the 
residue presented a more or less shell-like structure. It appears 
from these observations that it is only a part of the protein, di- 
rectly joined to the tin, whose digestion is hindered. The effect 
of this retardation, on the food value of a protein containing tin, 
‘an only be a matter of conjecture but it is probably small since 
the total tin in foods rarely exceeds 0.03 per cent. 

The other aspect of the problem is more important; namely, 
that of the possible toxicity of this tin-protein complex. Food 
rarely remains in contact with the digestive ferments in the body 
for a longer period than 4 to 6 hours. We have found that even 
after 48 hours, in the case of the artificial peptic digestions of the 
tin-albumin containing 32 per cent tin, there was no tin in a 
dialyzable form, and only a very small amount in a filterable 
form, this probably being present as a colloidal suspension of 
particles of the tin-protein complex, split away from the solid 
by solution of the connecting albumin. In the tryptic diges- 
tions no dialyzable tin was found in the liquor and only traces 
of filterable tin. Moreover, during digestion the percentage 
of tin in the solid rapidly increased, indicating that the protein 
which was not directly bound to the tin was being dissolved away. 
A sample of albumin which originally contained 18 per cent of 
tin was found after 24 hours’ digestion to contain 50 per cent; one 
with 32 per cent increased to 62 per cent. The activity of the 
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enzyme was shown to be unaffected by the tin in the proteins by 
removing some of the liquor from the undigested tin-protein 
after 100 hours and finding that fibrin was completely and quickly 
dissolved by the liquor. 

We have found that the insoluble complex, formed when coag- 
ulated proteins are brought into contact with solutions containing 
tin, was not broken up to any extent by our artificial gastric and 
tryptic digestions. The two enzymes, peptin in the stomach and 
trypsin in the duodenum, are the ones which bring about proteo- 
lytic action in the body. Erepsin does not attack proteins them- 
selves, but hydrolyzes the peptones and polypeptides which are 
formed by the partial splitting of the proteins. While it is im- 
possible to predict what the action of bacteria in the stomach and 
intestine would be, it is to be questioned whether the tin-protein 
complex is broken up in the actual digestive processes in the body 
and whether the tin which is combined in this way can have any 


toxic action. 
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Sedum spectabile belongs to the natural order of Crassulacea, the 
members of which are widely distributed throughout the warm 
and temperate zones. It is a cultivated herbaceous perennial 
plant, very hardy, is extremely easily propagated by cuttings or 
division of the roots, and is commonly used in many countries 
as an ornamental plant. The order has been but little studied 
chemically. 


Indications of the Presence of a Sugar Having Peculiar Properties. 


It was first noticed that an aqueous extract of the crushed fresh 
leaves and stalks of the plant, prepared during the growing sea- 
son, from May to September, contained considerable amounts of 
a free reducing sugar, which was not fermentable with yeast and 
gave a strong test with orcin and hydrochloric acid, indicating 
the presence of a pentose or heptose sugar. 

It was next sought to learn whether the sugar is an aldose or a 
ketose. To determine whether one or both of these types are 
present in a solution, two methods may be applied. In general, 
ketoses are destroyed by boiling with hydrochloric acid, leaving 
any aldoses which may be present affected only slightly or not at 
all. By determining the copper-reducing power of the sugar so- 
lution before and after such treatment, a clue to the amounts of 
aldehydic and ketonic sugars may be obtained. 

A second method, which may serve as a control to the first, 
consists in allowing bromine to act on the sugar solution. This 

*Our thanks are expressed to Mr. T. Yoshikawa for valuable assistance 
rendered during part of this work. 
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reagent oxidizes aldoses to non-reducing monobasic acids while 


ketoses remain unaffected. 

The plant extract was therefore subjected to both these treat- 
ments. In each ease a loss in power to reduce Fehling’s solution 
was observed and the amount of CusO formed from a given vol- 
ume of solution after treatment with either acid or bromine was 
about 20 per cent of the amount from the same quantity of the 
original solution. 

These results are unintelligible on the assumption that a mix- 
ture of aldoses and ketoses of the usual type is present in the plant 
extract, because the result of the action of hydrochlorie acid 
would indicate that the mixture consisted of 20 per cent aldose 
and 80 per cent ketose, while the change caused by bromine would 
lead one to the opposite conclusion. 

In both instances similar changes in the optical rotation of the 
two solutions were observed. From an original reading of about 
0°, both treatments caused the solutions to become strongly levo- 
rotatory. These puzzling relations made it seem probable that 
a sugar was present in the Sedum plant which exhibited abnor- 
mal behavior and it was decided to submit the substance to a 
thorough investigation. Consequently, a large amount of the 
plant was treated according to the following method. 


Preparation of a Sugar Sirup from the Plant. 


This preparation may be best illustrated by the following ex- 
periment on a small seale, in which 1,650 gm. of the fresh leaves 
and stalks of Sedum spectabile were used. The material was 
passed through a chopping machine, an equal volume of water 
added, and the liquid allowed to drain over night through cloth. 
Most of the remaining liquid was extracted from the residue by 
means of a powerful press and the operation was repeated once 
after moistening the material with about 500 cc. of water. The 
combined extracts were boiled with a little decolorizing carbon, 
filtered on folded filters, and then concentrated under reduced 
pressure to a thin sirup. This was diluted with 95 per cent alco- 
hol until a permanent precipitate was produced, and then poured 
into four or five times its volume of alcohol of the same strength. 
The voluminous light colored material which separated was fil- 
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tered off with suction and washed by thoroughly mixing with alco- 
hol and again filtering. The combined filtrates were evaporated 
under diminished pressure to a thick sirup. Portions of about 250 
gm. of this material were diluted with ten parts of water and 
in the solution 5 to 6 gm. of tannic acid were dissolved, and 
basic lead acetate solution was then added as long as a precipi- 
tate was produced.!. This was removed by filtration with suc- 
tion and the filtrate, after removal of the lead with hydrogen sul- 
fide, was concentrated under diminished pressure to a thick sirup 
which was used directly in some of the following experiments and 
is referred to as “crude sirup.” It may be purified to a certain 
extent in the following manner. 70 gm. were dissolved in 700 
ce. of water, the solution was cooled by cracked ice, and then 
made slightly alkaline by addition of a warm solution of barium 
hydroxide. The solution was then neutralized with carbon diox- 
ide and concentrated to a thin sirup (about 140 cc.). As much 
95 per cent alcohol was added as was possible without producing a 
permanent precipitate and the solution was poured into 2 liters 
of absolute aleohol which was being vigorously stirred. The 
separated white material, which settled readily, was filtered off 
with suction and washed with alcohol. The filtrate on evapora- 
tion under diminished pressure yielded a clear light yellow sirup 
which will be referred to as “ purified sirup.” 

In preparations on a large scale, much greater quantities than 
the above mentioned amount of the plant were worked up and 
several kilos of “crude sirup” prepared.? Calculated as glucose 
from the reducing power of the extracts, there was about 1.5 per 
cent free sugar present in the fresh plant. 


Action of Hydrochloric Acid and of Bromine on the Sirups. 


A solution containing about 10 per cent of the purified sirup 
showed only a slight dextrorotation, but when it was slightly 
acidified with hydrochloric acid and allowed to stand for several 


1 Schorger, A. W., and Smith, D. F., J. Ind. and Eng. Chem., 1916, viii, 
495. 

? Acknowledgments are made to Mr. Xavier Schmitt, Horticultural Hall, 
Fairmount Park, Philadelphia, to Thomas Meehan and Sons, Inc., German- 
town, Pa., and to Wm. H. Moon and Company, Morrisville, Pa., for sup- 
plying large quantities of Sedum spectabile. 
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hours or warmed for a short time on the steam bath, its rotation 
was reversed and greatly increased in magnitude. At the same 
time its reducing power towards Fehling’s solution decreased regu- 
larly with the increase in levorotation. These relations in a 10 
per cent solution may be illustrated by the following table. 


HCl content. Time of heating. a@in2 dm. tube. Cu20 from 1.66 ec. 


per cent min. gm. 
0 0 + 0. 0.2976 
1 7 — 6.1' 0.20038 
I 14 | —12.: 0.1241 
l 60 —19.2 0.0603 
l 90 —19.8 | 0.0630 


It is apparent from the changes in properties of the sugar solu- 
tion that some reaction has occurred. This is probably not the 
destruction of some ketose which might be present, because su- 
gars of this type are not much affected by such mild treatment, 
and, besides, their destruction by hydrochloric acid is always in- 
dicated by coloring, whereas solutions of the sugar from the 
Sedum plant remained perfectly clear and did not darken during 
the process. 

The possibility that the change was the result of hydrolysis of 
a complex carbohydrate must also be excluded because, obviously, 
such a reaction would be accompanied by an increase in reducing 
power instead of a decrease as observed. 

The reaction which occurs apparently reaches a definite end- 
point after 1 hour, since prolonged heating produces no further 
change and the ratio of the reducing power of the material in the 
final solution to that in the original remains about as 20: 100. 

If a solution of the sugar thus transformed is treated with an 
excess of bromine, no further changes in reducing power or rota- 
tion are produced. The action of this reagent was then tested 
on a solution of the untransformed sugar sirup. 

Bromine causes a solution of the sirup to undergo a change that 
appears to be substantially the same as that produced by dilute 
hydrochloric acid. Such a solution, having an initial reducing 
power of 0.1360 gm. of CusO per 1.66 cc. and an initial rotation 
of +0.4° in a 2 dm. tube, was allowed to stand with an excess of 
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bromine. After 3 days the excess of the reagent was removed 
with a stream of air, and the solution then showed a rotation in 
a 2 dm. tube of —10° and a reducing power of 0.0416 gm. CueO 
per 1.66 ce. In this case, as well as in that of the transformed 
sugar solution, much of the bromine had been used up and ap- 
peared partly as free hydrobromic acid in the solution. At the 
same time, no organic acids were produced, because after removal 
of the halogen with silver carbonate and the slight excess of sil- 
ver with hydrogen sulfide the solution proved to be nearly neutral 
and no evidence of the presence of a lactone could be obtained. 
Evidently the action of bromine is one of substitution, probably 
in some organic substance present in the solution other than the 
sugar, and liberation of hydrogen bromide, which then acts upon 
the unchanged sugar present in the same manner as hydrochloric 
acid. 

It was concluded from these experiments that there is present 
free in the Sedum plant a reducing sugar which undergoes in dilute 
hydrochloric acid solution a change by which its optical rotation 
is completely altered and its reducing power largely decreased. 
It was thus apparent that the sugar exhibits properties which 
have not hitherto been observed in this group, and it was next 
sought to obtain crystalline derivatives of it, especially those with 
the phenylhydrazines. 


Behavior of the Sugar towards the Phenylhydrazines. 


Phenylosazone.—All attempts to prepare a hydrazone under 
varied conditions resulted in the formation of the osazone. This 
derivative was prepared with ease by the usual method from 
about a 2 per cent solution of the sirup. It also formed in solu- 
tions at room temperature when they were allowed to stand for a 
few hours with phenylhydrazine acetate. The yield was better 
than that usually obtained from other sugars, and even from sugar 
solutions that had been heated with dilute hydrochloric acid the 
same osazone was obtained and the amount about corresponded 
to the final reducing power of the solution; that is, it was about 20 
per cent of the amount that could be obtained from the solution 
before transformation by acid. The compound was recrystal- 
lized by dissolving it in hot methyl alcohol, filtering, and concen- 
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trating the solution to a small volume. The substance melted 
with decomposition at 197° (uncorrected). 
The analysis corresponds to the phenylosazone of a heptose. 


0.1407 gm. substance gave 0.3031 gm. CO, and 0.0797 gm. H,.O. 
0.1366 “ = “ 17.95 cc. No at 28° and 764 mm. 
“ “ “ 17.0 “ “ee “ 299° “ 765 “ 


Calculated: for 
CisHaOsNa: Found: 


58.76 58.75 
6.19 6.29 
{14.66 
14.65 


ee ee eet Sree 
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p-Bromophenylosazone.—All efforts to prepare a p-bromophenyl- 
hydrazone in aqueous alcoholic and glacial acetic acid solution 
yielded the corresponding osazone. 

100 cc. of a 2 per cent aqueous solution of the sugar sirup were 
heated for 3 hours on the steam bath after addition of 5 gm. of 
p-bromophenylhydrazine in 4 cc. of acetic acid. The osazone 
crystallized from the hot solution in bright yellow needles and 
was recrystallized from methyl alcohol in the same manner as 
was the unsubstituted osazone. It melted with decomposition 
at 227-228° (uncorrected). The analysis corresponds to the bro- 
mophenylosazone of a heptose. 





0.2577 gm. substance gave 0.1766 gm. AgBr. 
0.2466 “ " “ 0.1692 “ “ 
0.1610 “ “ 15.6 ec. N2 at 30° and 763 mm. 


Calculated for 
CisH2:N«BrOs: Found: 


29.16 
{29.18 
10.50 


No crystalline methyl-, benzyl-, or p-nitro-phenyl hydrazone 
could be prepared under any conditions tried. 

The Osone of the Sugar of the Sedum Plant.—The ease with 
which the new sugar combined with phenylhydrazine indicated 
the possibility of its being of the nature of an osone rather than 
of a true sugar. In order to compare this derivative with the 
sirup obtained from the plant extract the phenylosazone was 
decomposed according to Fischer’s method for preparing glucose 
































osone The only changes which were introduced in his directions 
consisted in omitting to warm the solution of the osazone in con- 
centrated hydrochloric acid, and, in precipitating the lead com- 
pound of the osone, a small amount of lead acetate solution was 
added before precipitation with barium hydroxide. The product 
obtained from the lead compound was a yellow sirup which did 
not crystallize. It reduced Fehling’s solution strongly and ro- 
tated slightly to the left, but did not exhibit changes in hydro- 
chlorie acid similar to those described in the case of the reducing 
substance from which the osazone was derived. On treatment 
with phenylhydrazine acetate it yielded the original osazone. 
Compound of the Osone with o-Phenylenediamine. This deriva- 
tive was prepared by adding a hot aqueous solution of 2 gm. of 
o-phenylenediamine to about 4 gm. of osone sirup in 60 cc. of 
water. The slightly colored solution was warmed for 45 minutes 
on the steam bath and deposited long white needles on cooling. 
The yield was about 2 gm. The substance was recrystallized 
from hot water and dried over night in a desiccator. It melted 
with decomposition at 163-—165° (uncorrected) after it had begun 
to shrink at about 160°. The compound appears to contain 
one-half molecule of water of crystallization. 


0.1519 gm. air-dried substance, when heated to constant weight at 100° 
in vacuo over POs, gave 0.0042 gm. H,0. 
0.1340 gm. air-dried substance gave 0.0033 gm. H,O. 


Calculated for 
CisHisN2Os + § HeO: Found: 


2 75 
ES aS ap ea ee ek 3.12 {2.75 
0.1477 gm. dry substance gave 0.3023 gm. CO, and 0.0780 gm. H.0O. 
0.107 “ « 7 “ 0.2680 * “ : ——- 
ita *« * " “ 12.3 ce. Ne at 24° and 765 mm. 
Calculated for 
CisHieN2Os: Found: 
SRE ee ee ee, ote ag roe 55.71 55.81 55.87 
A eS en eS Lee eee 5.70 5.86 §.72 


10.00 10.00 





The analysis thus corresponds to the phenylenediamine deriva- 
tive of the osone of a heptose. It was not possible to obtain 








3 Fischer, E., Ber. chem. Ges., 1889, xxii, 87. 
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this derivative from the original sugar sirup and therefore it was 
concluded that the reducing substance could not be a compound 
of the osone type. 

Since the analyses of the three crystalline derivatives that 
have been described show conclusively that the sugar of Sedum 
spectabile contains seven carbon atoms, it will be named, with 


reference to its origin, sedoheptose. 
Reduction of the Sugar Sirup with Sodium Amalgam. 


In order to obtain less complicated crystalline derivatives of 
the new sugar and also with the object of determining if possible 
whether it is of aldehydic or ketonic nature, it was next sought 
to prepare the corresponding heptitol or heptitols by reduction 
with sodium amalgam. Since aldoses give on reduction only one 
alcohol while ketoses yield two isomeric ones, the two types of 
sugars may be distinguished by their behavior on this treatment. 

From the sugar sirup two seven carbon alcohols were obtained 
and the inference would therefore be that it contained a ketose. 
However, as the material used for reduction was a sirup of un- 
certain purity there still remained the possibility that it con- 
tained two sugars. On the other hand, only one phenylosazone 
could be obtained from the sirup, and therefore if more than one 
sugar is present the mixture would seem to be limited to two epi- 
meric aldoheptoses and the corresponding ketose. This point 
will be discussed later on, when it will be shown that the reduc- 
ing substance is almost certainly a single ketose sugar. 

a-Sedoheptitol.—28 gm. of purified sirup were dissolved in 150 
ce. of water, and the solution was cooled by surrounding it with 
ice and was reduced with sodium amalgam. A small amount of 
litmus was added as an indicator and the solution was neutralized 
from time to time with sulfuric acid. The reduction, which was 
always carried out on the alkaline side, required several days 
action of the amalgam for completion. It was found convenient 
to make the reduction in an open vessel of heavy glass, keeping 
the solution and amalgam agitated with a mechanical stirrer. 
When the liquid showed no reduction of Fehling’s solution, or 
only a trace, it was made slightly acid to Congo paper, sepa- 
rated from the mercury, and concentrated under reduced pres- 
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sure until a large part of the salts had separated. It was then 
mixed with a large volume of hot 95 per cent alcohol, a little de- 
colorizing carbon was added, and the separated salts were removed 
by filtration with suction. The clear solution yielded on evapora- 
tion a nearly colorless sirup which crystallized partially after 
several weeks standing. If crystals for seeding are available, 
this time can be shortened to a few days. The crystals were 
stirred with a little 90 per cent alcohol, filtered off, and washed 
with a little of the same solvent. The yield was 7.5 gm. The 
substance was recrystallized by dissolving in a small amount (one 
to two parts) of hot water, filtering, and adding several volumes 
of hot absolute aleohol. It melted sharply without decomposi- 
tion at 151-152° (uncorrected). It was again recrystallized in 
the same manner as described and showed no change in melting 
point. The analysis agrees with the composition of a heptitol. 


0.1340 gm. substance gave 0.1941 gm. CO: and 0.0900 gm. H,0. 


Calculated for 
C;HwO:: Found: 


a Oe ee eevee : 39.63 39.56 
7.54 7.46 
0.4857 gm. substance in 5 ce. H,O in al dm. tube showed a dextrorota- 


9) 90 


tion of +0.21°; hence [a];) = +2.25°. 
0.4000 gm. substance in 15 ec. aqueous solution containing 1 gm. borax 
rotated in a 2 dm. tube +1.18° to the right; hence [a]; = +22.09°. 


The melting point and optical rotation of this alcohol ‘agree so 
closely with the physical constants recorded for volemite,* that 
the identity of the two substances might be suspected except for 
one discordant fact. The melting point of the benzal derivative 
of volemite is given by Bougault and Allard as 90°, which does 
not agree with the melting point (200°, see below) for the benzal 
compound of the heptitol obtained from the sugar sirup. For 
the present, therefore, the aleohol will be designated as a-sedo- 
heptitol. 

Tribenzal-a-Sedoheptitol.—3 gm. of a-sedoheptitol were dis- 
solved in 4 ec. of 50 per cent sulfuric acid, 4 gm. of benzaldehyde 


4 Fischer (Ber. chem. Ges., 1895, xxviii, 1973) gives 149-151° as the melting 
point of volemite. Bougault, J., and Allard, G. (Compt. rend. Acad., 1902, 
exxxv. 796), record for volemite [a]p in water + 1.92° and +2.65°, and in 
borax solution +20.83°. 
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were added, and the mixture was shaken thoroughly and allowed 
to stand over night. The crystalline product of the reaction was 
washed with water and then with alcohol and finally was twice 
recrystallized from absolute alcohol. It melted sharply and with- 
out decomposition at 199-200° (uncorrected). Analysis shows 
it to be the tribenzal compound of the heptitol. 
















0.1227 gm. substance gave 0.3174 gm. CO, and 0.0613 gm. H2O. 
Calculated for 














CxsHosO7: Found: 
ee ee ee eee aes 70.58 70.54 
RRR Sy ree Aiea eee ‘ ae 5.88 5.55 










Tribenzal-8-Sedoheptitol.—The sirupy residue from the a-hep- 
titol, together with the alcoholic washings, was dissolved in water 
and the solution was concentrated to a sirup. This was dissolved 
in an equal volume of 70 per cent sulfuric acid in a small glass- 
stoppered Erlenmeyer flask, and the same volume of benzalde- 
hyde was added. On vigorous shaking crystallization began at 
once and after 1 hour the contents of the flask had changed to a 
semisolid mass of crystals. After standing over night these were 
thoroughly washed with water, filtered off, and then washed again 
with alcohol. The product was finely ground and was then boiled 
out several times with alcohol and twice with methyl ethyl ketone. 
It then melted at about 225-230° but was probably not pure as 
it may have contained a little of the benzal compound of the 
a-heptitol and perhaps other substances. It was, however, used 
in this condition for hydrolysis. For analysis a small part was 
recrystallized by dissolving in a large volume of hot methyl ethyl 
ketone, in which it is rather sparingly soluble, and concentrating 
the solution to a small volume. In all other reagents it is nearly 
insoluble. It separates from methyl ethyl ketone in tufts of 
flexible needles resembling asbestos. It melts at 272-275° (un- 
corrected) without decomposition and crystallizes again on cool- 
ing. Analysis shows it to be the tribenzal derivative of a second 
heptitol which will be named §-sedoheptitol. 

























0.1418 gm. substance gave_0.3646 gm. CO, and 0.0727 gm. H,0. 
0.1291 “ - . tae 6USlUmwt Uh Oe hCU* 


HES Calculated for 
He CosH2xO7: Found: 


OE finer hen ee Ades ah 5a 70.58 70.11 70.13 
5.69 5.70 
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8-Sedoheptitol.—t5 gm. of tribenzal-8-sedoheptitol (m. p. 225°), 
which had been purified as described above by extraction with 
alcohol and methyl ethyl ketone, were finely powdered and boiled 
for about 12 hours under reflux with 250 ec. of 8 per cent sulfuric 
acid. When hydrolysis was complete the benzaldehyde was re- 
moved with ether and the sulfuric acid with barium carbonate. 
The solution yielded on evaporation a colorless sirup which crys- 
tallized after a few days standing. The mass of crystals was 
washed with a little 95 per cent alcohol and recrystallized by dis- 
solving in a little water and adding hot absolute alcohol to a faint 
turbidity. The substance crystallized in short thick prisms which 
melted at 127—128° (uncorrected), and two additional reerystalliza- 
tions did not change this melting point. The yield was 6 gm. 
The compound appears to be optically inactive, since 0.5084 gm. 
of substance in 5 ee. of water showed no appreciable rotation in a 
1 dm. tube. The same amount of substance in 5 ec. of saturated 
aqueous borax solution showed a rotation of not more than +0.1°. 
A 20 per cent solution in saturated aqueous borax solution of 
material three times recrystallized showed a-rotation not greater 
than 0.03°, from which it may safely be concluded that the sub- 
stance is optically inactive. The analysis agrees with the for- 
mula of a heptitol. 


0.1651 gm. substance gave 0.2390 gm. CO: and 0.1097 gm. H,O. 


Calculated for 
*7HieOr: Found: 


39.62 39.47 
7.54 7.38 


The hydrolysis of the benzal compound can also be effected by 
means of acetic acid, and since much less time is required by this 
method it is perhaps to be preferred to the one just described. 
The benzal compound was boiled with 60 per cent acetic acid 
under reflux until all of it had dissolved and then the solution was 
distilled under reduced pressure to a sirup. This was diluted 
with water, the remaining benzaldehyde extracted with ether, 
and the aqueous solution concentrated to a sirup. This crystal- 
lized readily on seeding. 
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A Benzal Compound from the Transformed Sirup (Dibenzal- 
Anhydro-Sedoheptose) 


It has already been stated that when the sirup containing sedo- 
heptose is treated with dilute hydrochloric acid, a transformation 
takes place which is indicated by a marked loss in its power of 
reducing Fehling’s solution and by the development of a strong 
levorotation. 

In order to isolate the product of this reaction the sugar sirup 
was treated with benzaldehyde and sulfurie acid in the hope of 
obtaining a crystalline benzal compound. It was found that 
such a derivative could indeed be prepared either from the sirup 
obtained by evaporating the solution of the transformed sirup 
or equally well from the crude sirup itself; this would not be un- 
expected because the sulfurie acid that is employed in the prepa- 
ration of the benzal compound would naturally bring about the 
transformation. 

60 gm. of crude sirup were mixed with an equal weight of 70 
per cent sulfuric acid in a glass-stoppered Erlenmeyer flask at 
room temperature and 40 gm. of benzaldehyde were added. 
The mixture was shaken vigorously from time to time through- 
out the day. Crystals began to appear after 1 to 2 hours, and 
after 12 hours the contents of the flask had changed to a semisolid 
crystalline mass. After standing at least 18 hours the mass was 
thoroughly broken up, filtered off, and washed successively with 
water, cold glacial acetic acid, and alcohol. The yield was 22 gm. 
In another experiment, where purified sirup was used, 15 gm. 
yielded 7.5 gm. In this case the material had been heated in 10 
per cent solution with 1 per cent hydrochloric acid and the latter 
then removed with silver carbonate. In a third experiment, 20 
gm. of purified sirup, without previous treatment with hydro- 
chlorie acid, yielded 9 gm. of the compound. 

The substance crystallizes in prismatic needles which are prac- 
tically insoluble in all the usual reagents except hot acetic acid 
and hot acetic anhydride. Acetic acid, however, causes some 
decomposition. It was recovered unchanged from ten to thirty 
parts of hot acetic anhydride in beautiful white prisms which 
often attained a length of 1 em. 22 gm. of crude material gave 
20 gm. of pure substance which melted at 245° (uncorrected). 
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Analysis and molecular weight determination indicate that the 
compound has the formula C2, He Ox. 










0.1380 gm. substance gave 0.3448 gm. CO, and 0.0665 gm. HO. Wie 
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The molecular weight (M) was determined by the boiling point 
method, using acetic anhydride as a solvent. As K for acetic 
anhydride was not known this was first determined, using benzil 
as the standard, and was found to be about 60, as an average of a 
large number of determinations. | 




















Determination of M (Calculated 368). . : 
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The formula C»s;HepOg agrees for the dibenzal derivative of a 
compound having the formula C;H Og; 7.¢., a heptose (C7;H yO) 
minus a molecule of HO. 

Since the sugar itself before treatment with acids behaves nor- 
mally when reduced with sodium amalgam and gives a heptose 
osazone of normal composition, it is not possible that it could 
have any other formula than C;H,,O;. It appears therefore that 
this normal heptose upon treatment with acids loses the elements 
of H.O from its molecule and is converted into an anhydride. 
By hydrolysis of the benzal compound it was indeed found pos- 
sible to isolate such an anhydride in pure crystalline condition. 










Anhydro-Sedoheptose. 






25 gm. of the dibenzal compound just described, of the formula 
C2;HepO¢, were suspended in 150 ce. of 60 per cent acetic acid 
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and boiled under reflux. Complete solution took place after 4 
hour. The heating was continued for 30 minutes longer, after 
which the solvents and the greater part of the benzaldehyde were 
removed by distillation under diminished pressure. The result- 
ing sirup was taken up in water, extracted with ether, and again 
evaporated as before. This sirup, which was quite colorless, 
reduced Fehling’s solution and from it a small amount of phenyl- 
osazone could be obtained. It crystallized after several days 
standing. The substance after washing with 95 per cent alcohol 
‘was recrystallized from the same solvent and yielded short, thick, 
well formed, colorless crystals which sometimes attained the length 
of 0.5 em. It melted at 155° (uncorrected). 
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=— = — 143.0°. 
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The yield of the first product was 9.6 gm. while 0.3 gm. crystal- 
lized from the first mother liquor. 

The same substance may be obtained directly from the trans- 
formed purified sirup if crystals for seeding are available. 35 
gm. of purified sirup in 160 ce. of 1 per cent hydrochloric® acid were 
heated for 1 hour on the steam bath. The solution rotated in a 
2 dm. tube —28.6°, and as calculated from the specific rotation 
given above contained about 16 gm. of the anhydride. The hy- 
drochloric acid was removed from the solution with silver carbo- 
nate and the slight excess of silver with hydrogen sulfide. The 
sirup obtained on concentration under diminished pressure was 
seeded with crystals obtained from the above experiment and 
yielded after several days standing 8 gm. of the same substance, 
or 50 per cent of the amount present. It was separated from the 
thick sirup by diluting with very little 95 per cent alcohol, fil- 
tering off the crystals, and washing with the same solvent. It 

yas recrystallized from 95 per cent alcohol and melted at 155° 
(uncorrected) without decomposition. 
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6 Since the sirup generally contained a small amount of barium salts, it 
must be neutralized to Congo before adding the required amount of hydro- 
chloric acid. 
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0.1554 gm. substance gave 0.2514 gm. CO, and 0.0852 gm. HO. 
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(0.2870 gm. substance depressed the freezing point of 17.35 gm. HO 0.180°. + 
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The compound will be named anhydro-sedoheptose. 
Properties.—It showed a levorotation in aqueous solution as 
follows: 







2.2799 gm. substance in 25 ec. H,O at 20° ina 4 dm. tube rotated 4 


53.39° to the left; hence [a]; = — 146.3°. This value was more accurately ae 
determined than the previous one and is accepted as the correct specific % 







rotation. 








. 

ij 
No mutarotation was observed. The substance is of neutral - 
reaction and possesses a sweet taste. It is only slightly soluble ' 
in cold 95 per cent alcohol, fairly easily in the hot solvent, and 
very easily in cold water. It gives a strong test with orcin and 
hydrochloric acid. It shows no reduction of Fehling’s solution, 
but after warming with dilute hydrochloric acid the solution be- 
comes reducing. When 0.2335 gm. of the non-reducing anhydro 
compound dissolved in 20 ce. of 1 per cent hydrochloric acid was 
heated for 30 minutes on the steam bath in a closed vessel, the 
amount of reducing substance produced corresponded to 0.0859 
gm. of CueO (= 0.0429 gm. of glucose). A second experiment in 
which 0.2335 gm. was used showed a reducing power after the 
same treatment which corresponded to 0.0865 gm. of CueO (= 
0.0432 gm. of glucose). Referring back to where the action of 
hydrochloric acid on the sugar sirup was discussed, it was stated 
there that this reagent caused a change in the power of the sugar : 
sirup to reduce Fehling’s solution and that the amount of reducing § 
power of a solution so treated was equal to about 20 per cent of ‘i 
that which the original solution possessed. From the experiment ; 
just described, it will be apparent that from a given amount of 
the non-reducing anhydro-sedoheptose an amount of reducing 
substance is developed on treatment with 1 per cent hydrochloric iF 
acid which, calculated as glucose, is equal to about 18.4 per cent 1 
of the amount of anhydride taken. Thus it would seem that in 
dilute acids about the same condition of equilibrium is reached 
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between the reducing and non-reducing substances (sedoheptose 
and anhydro-sedoheptose, respectively), regardless of which one 
was originally present. It is thus clear that the product obtained 
by cleavage of the benzal compound of anhydro-sedoheptose with 
acids was a solution containing both substances in the above pro- 
portions, from which a corresponding amount of phenylosazone 
could be obtained. Since bromine was without action on such a 
mixture it may be safely concluded that the reducing compound 
present (sedoheptose) is of the nature of a ketose. It may be 
assumed also that the oxygen atom of the carbonyl group is in- 
volved in the process of elimination of water from the original 
sugar molecule and that this is the cause of the disappearance of 
its power to reduce Fehling’s solution. Since the heptoses 
(C;H,,O;) contain six reactive hydroxyl groups, as shown by the 
fact that the fully acetylated derivative of a-glucoheptose is a 
hexacetate, it is to be expected that an anhydroheptose (C;H»Os) 
would contain two less; z.e., four. This corresponds to the fact 
that anhydro-sedoheptose yields a dibenzal derivative which can 
be boiled with acetic anhydride without the occurrence of any 
acetylation, showing that no reactive hydroxyl groups remain. 


SUMMARY. 


An aqueous extract of the leaves and stems of one of the stone- 
crops, Sedum spectabile, was found to contain a non-fermentable 
reducing sugar. Theanalysesof the crystalline phenyl and bromo- 
phenyl osazones that were obtained from it show that the sugar 
is a new heptose and it has been named sedoheptose. From its 
osone a crystalline compound with o-phenylenediamine was 
obtained. By reduction of a solution of the sugar from the plant 
extract with sodium amalgam two heptahydroxy alcohols were 
produced, designated as a- and §-sedoheptitol. They were ob- 
tained in pure crystalline condition and likewise their benzal de- 
rivatives. On heating the plant extract with dilute acid it lost 
about 80 per cent of its reducing power towards Fehling’s solu- 
tion. When the extract that had been heated with acid was 
treated with benzaldehyde a crystalline compound was obtained 
which proved to be the benzal derivative of a heptose that had 
lost one molecule of water. By hydrolysis of this benzal com- 
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pound the anhydride was obtained as crystalline anhydro-sedohep- 
tose. On heating the latter with dilute acid it passed to the ex- 
tent of about 20 per cent into sedoheptose, and there is thus an 
equilibrium in such solutions between the two substances. Sedo- 
heptose is in all probability a ketose, as bromine does not oxidize 
it and the two alcohols mentioned above probably result from its 
reduction. 























THE CONCENTRATION OF DEXTROSE IN THE TISSUES 
OF NORMAL AND DIABETIC ANIMALS. 


By WALTER W. PALMER. 
(From the Hospital of The Rockefeller Institute for Medical Research.) 


(Received for publication, March 27, 1917.) 


In the investigation of the fate of dextrose in the animal organ- 
ism little attention has been given to the amount of this substance 
existing in the tissues. The object of this paper is to present the 
results of a study of the distribution and concentration of dex- 
trose or copper-reducing substances! in normal and diabetic ani- 
mals under various conditions. Such an investigation is of im- 
portance because of the lack of reliable data in the literature, the 
possible bearing on the increase during fasting in the respiratory 
quotient of individuals with diabetes mellitus, the fact that cer- 
tain diabetics apparently neither excrete nor burn large amounts 
of carbohydrate taken in the form of oatmeal or other starchy 
foods, and also because of the possible difference between normal 
and diabetic organisms in their ability to hold carbohydrate in 
the form of dextrose in their tissues. 


LITERATURE. 


In 1853 Claude Bernard (1) published a large number of analyses of liver 
tissues for dextrose from a variety of mammals, birds, reptiles, and fish. 
He found in mammals percentages varying from 1 to 4 per cent in all cases 
when estimations were possible. These tissues were extracted with water 





1 It is appreciated that the copper-reducing power of animal tissue ex- 
tracts is not due solely to dextrose, but that such substances as creatine, 
creatinine, uric acid, etc., may play a part. On the other hand, there are 
substances which may inhibit copper reduction. As the method employed 
in estimating the reducing power of the tissue extracts was such as to re- 
duce the error caused by these substances to a minimum, the main con- 
clusions are probably little affected by them. The use of the word “‘dex- 
trose’’ in connection with its concentration in body tissues signifies the 
total reducing power of the extract under the conditions imposed. 


79 














































a dla 





Paani 2 

















80 Dextrose in Normal and Diabetic Animals 


and enzyme action was stopped by boiling, but in most instances the tis- 
sues were not extracted until several hours after the death of the animal. 
Several years later lower values, 0.08 to 0.44 per cent, for dextrose in the 
liver were reported by Dalton (2), who appreciated the fact that the con- 
centration of sugar in the liver increased rapidly after the death of the ani- 
mal and that this increase was due to the hydrolysis of glycogen. By 
thrusting the livers of well nourished rabbits taken before death into boil- 
ing water von Mering (3) found only traces of dextrose. Concentrations of 
0.46 to 0.55 per cent in dogs, and 0.56 to 0.60 per cent in rabbit livers were 
found by Seegen and Kratschmer (4). The work of these investigators 
was criticized by Girard (5) on the ground that too much time elapsed be- 
fore the tissues were put into boiling water, also that the tissues contained 
too much blood. By working quickly, pressing out all possible blood, 
and extracting with boiling water, he failed to find more than 0.05 per cent 
dextrose in dog liver. 

By far the largest number of tissue analyses for dextrose, 200 or more, 
have been made by Pavy (6). He used the reliable technique of extract- 
ing in boiling water or cold alcohol, and his results include all the impor- 
tant tissues in a great variety of normal animals. Unfortunately the data 
do not include the blood sugar of the animals from which the various tis- 
sues were taken. Pavy considered 0.2 to 0.3 per cent the amount of dex- 
trose ordinarily found in normal dog liver, although he reports values as 
high as 1.9 percent. In rabbit livers he found 0.11 to 0.26 per cent. Other 
tissues of the dog reported are muscle 0.2 to 0.4 per cent, spleen 0.16 to 0.20 
per cent, kidney 0.11 to 0.17 per cent, pancreas 0.08 to 0.23 per cent; lungs 
0.09 to 0.32 per cent, and brain 0.07 to 0.13 per cent. Butte’s (7) experi- 
ments led him to the conclusion that normally there was no sugar in the 
muscles of dogs, but in 30 minutes after an intravenous sugar injection of 
4 gm. per kilo he found as much as 0.42 per cent. Bang (8) found 0.06, 
0.07, and 0.10 per cent dextrose in the muscles of normal rabbits. 

Very few analyses have been made except in normal animals. Hédon 
(9) reports a few experiments in which the liver was analyzed for dextrose 
following extirpation of the pancreas in dogs. His values vary between 0.3 
and 1.28 per cent, which cannot be considered reliable because he frequently 
took 5 to 10 minutes in bleeding the animal before taking tissues. The 
kidneys of six phlorhizinized dogs were found by Levene (10) to have 0.22, 
0.22, 0.20, 0.55, 0.15, and 0.28 per cent of dextrose respectively. In dogs 
that had been made glycogen-free Embden (11) found only traces of dex- 
trose in the liver. Bang (8) reports six experiments performed with starv- 
ing rabbits in which 2 to 5 gm. of dextrose were given intravenously. The 
percentage of dextrose in the liver shortly after the end of the injection was 
found to be considerably higher than that of the blood. In animals with 
blood sugar of 0.22, 0.20, 0.46, 1.10, and 0.40 per cent the liver contained 
0.61, 0.80, 0.85, 1.12, and 0.94 per cent dextrose respectively. Albertoni 
and Monetti (12) report no dextrose found in muscles of dogs and rabbits. 
Kleiner (13) has reported analyses of muscles of dogs, in which the aorta 
and vena cava had been ligated near the diaphragm, before and after intra- 

































venous injection of dextrose. In his experiments ether and morphia were 
used as anesthetics, 4 gm. of dextrose in 20 per cent solution allowed to run 
into the vein at the rate of about 3 cc. per minute, and the animal was 
killed 14 to 2 hours after the end of the injection. Three such experiments 
are reported. Blood sugars just before injection were 0.33, 0.15, and 0.17 
per cent, muscle sugars before injection 0.26, 0.40, and 0.52 per cent, after 
injection 0.36, 0.71, and 0.80 per cent respectively. He also found a consid- 
erable increase in the reducing power of the muscle extracts after boiling 
with 1.8 per cent hydrochloric acid, especially after injection of sugar. 
This was most marked when sugar was injected into dead animals. In 
three of his experiments the increase amounts to as much as the sugar 
found before hydrolysis. The muscle tissue after being passed through a 
meat chopper was extracted with water under toluene for 20 hours in the 
icechest. After filtering through cheese-cloth a little acetic acid was added 
to the extract, which was then boiled and filtered through glass wool, the 
final clearing of proteins being accomplished by phosphotungstic acid. 

From the foregoing review of the literature, a wide variation is seen to 
exist in the amounts of dextrose found in animal tissues. With the excep- 
tion of Pavy’s (6), most work has been done with the liver, which in dogs 
is credited with concentrations of dextrose varying between traces and 4 
per cent, while in rabbits amounts from mere traces to 0.26 per cent are 
given. In dogs the muscle sugar values vary between traces and 0.40 per 
cent. The amounts found in rabbit muscles vary between traces and 0.10 
per cent. The concentrations of dextrose in spleen, pancreas, kidney, 
lungs, and brain, as given by Pavy, range between 0.08 and 0.13 per cent 
with little difference between the several organs. 

The chief criticism of the work on dextrose in animal tissues is the unre- 
liable technique employed. In most instances the rapidity with which 
hydrolysis of glycogen may occur did not seem to be appreciated. Only a 
few workers have included the blood sugar values of the experimental ani- 
mals. Also, comparisons between diabetic and non-diabetic conditions 
have never been made. 

Analyses of human tissues, both normal and diabetic, were made by 
Griesinger (14), but the tissues were taken several hours after death so 
that the results are of little value. 


EXPERIMENTAL, 


Much experimentation was carried out to determine the most 
efficient and reliable method for extraction of dextrose from 
animal tissues. A very essential detail which has apparently 
been overlooked in previous work is the prevention of enzyme 
action at the time of taking tissues for analysis. Boiling water 
and boiling sodium sulfate solution acidified with acetic acid, 
boiling and cold (—5-—10°) alcohol, as well as the use of -liquid air 
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were all tried as methods of preventing enzyme action and also 
to test their relative practicability. Boiling water kills very 
quickly all enzymes found in the several tissues, while alcohol, 
especially cold alcohol, and liquid air merely inhibit their action 
so that the danger in future manipulation of getting some enzyme 
action is not inconsiderable. Acid mixtures were discarded be- 
cause of the danger of possible hydrolysis of higher sugars and 
sugar compounds. 

Tissues ground in a meat chopper before extraction were found 
to inerease the sugar content to double or treble the amount 
found if enzyme action were stopped immediately on removal of 
the tissues from the body, thus prohibiting this procedure. [-x- 
traction in the cold with water proved unsatisfactory because en- 
zyme action was not wholly inhibited by temperature above 0°C. 

Boiling water proved to be more efficient than alcohol in check- 
ing enzyme action; hence it was adopted. The difficulty in ob- 
taining and manipulating liquid air, with its slight superiority 
over boiling water, led us to discard its use. 

The manner in which protein could be removed from the ex- 
tracts was the subject of considerable investigation. A distinet 
advantage offered by alcohol is that the protein is taken out in 
the process of extraction, while in salt or acidified solutions only 
2 portion of the protein is taken out, necessitating a second pro- 
cedure for its complete removal. After experimenting with 
meta-phosphoric acid, phosphotungstie acid, hydrochloric acid, 
and mercuric chloride (Schenk’s method), aluminium hydroxide, 
and kaolin, colloidal iron (Michaelis and Rona (30) ) was found to 
be the most convenient and satisfactory. 


Method, 


‘The experiments were performed on dogs and rabbits. Except 
in two or three particular instances anesthesia of any kind was 
avoided because of the well known effect on blood sugar and the 
possible alterations in the various tissues which might follow. In 
rabbits, intravenous injections were made in the ear vein, and 
blood samples were taken from the heart. In dogs, intravenous 
injections were made and blood samples taken from the external 


jugular vein by means of a Luer svringe. Before taking tissues 
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for analysis all animals were stunned by a blow on the head, and, 
with the exception of a few animals which were bled from the 
carotid for 3 or 4 minutes, the tissues were immediately weighed 
on an Eimer and Amend No. 330 triple beam balance and 
thrust immediately into boiling water. The sample was then cut 
into small pieces in the boiling water, boiling being continued for 
at least 15 minutes. At the end of this time the beakers were 
placed on a boiling water bath. As soon as convenient the water 
covering the tissue was filtered through glass wool and the tissue 
finely divided with a macerator. A second extraction on the water 
bath for a period of 1 hour was made, and finally three such ex- 
tractions of 10 minutes each, making altogether five water extrac- 
tions. The combined extracts which had been filtered through 
glass wool were measured (usually about 700 to 800 ec. for 50 gm. 
of tissue) and the protein was removed by colloidal iron (Merck's 
5 per cent). It was found that muscle extracts require 2 ce. per 
gm. of tissue, while all other extracts cleared perfectly with 1 ec. of 
colloidal iron per 1 gm. of substance. The iron is added slowly 
with constant stirring or shaking, 5 to 10 ce. of a 40 per cent so- 
dium sulfate (erystals) solution are added in a similar manner 
and placed on the water bath for an hour, and then filtered.° 

The entire or an aliquot part of the filtrate is concentrated to 
small volume on the water bath. All liver extracts, however, 
were concentrated in vacuo because of the tendency of these ex- 
tracts to become highly colored when brought to a small volume 
in the water bath. Benedict’s (15) titration method for sugar 
estimation was used because creatine, uric acid, ete., cause less 
error than in Fehling’s solution. Frequently only small amounts 
of material were available, so 10 ec. instead of 25 ec. of the copper 
solution were used and in instances where there was not sufficient 
to reduce the entire amount of copper the titration was finished 
by adding the necessary amount of a 0.2 per cent dextrose solu- 
tion. Blood sugar was determined by the method of Lewis and 
Benedict (16). 


2 Both sodium sulfate and heating are not absolutely essential, but we 
found that they facilitated filtration considerably. The use of colloidal 
iron for removal of protein from solutions containing dextrose was sug- 
gested by Michaelis and Rona (30). 
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Normal Animals. 





Dogs were taken from the stock supply (ordinary diet, bread 
and soup) and on the day of the experiment received no food. 
The results of the analyses are collected in Table I. 


TABLE I. 
Normal Dogs. 








Dextrose in tissues. 








No. of seananiing 
Plasma. 
Skeletal 
muscle. 
Spleen. 





Pancreas 
| Stomach. 
Small in- 
testine 





7 | Sa 


cent | Per &* nt | per cent| percent | per cent per cent | per cent per cent 


N [V0.10}0.11 0.26 | 0.07 | 0.20 0.04 
(0.27)*| (0.10)*| (0.25)* | (0.04)* 
0 0.47 | 0.04 | 0.07 | Trace./0.06) 0.06 | 0.03 (0.02 0.01) 0.01 
2 0.22 | 0.07 | 0.02 | 0.05 |0.02 0 01 0.03) 0.01 {0.01} 0.02 
343**0.11/0.13 0.43 | 0.07 0.05 |0.03| Trace.| 0.02 |0.01) 0.02 |0.04) 0.01 
316¢ 0.130.10 0.14 | 0.09 | 0.07 | 0.07 |0.07| 0.11 | 0.04 |0.04) Trace.0.06| Trace. 
321t 0.07 | 0.05 | 0.07 | | 0.05 





342**0.10)0 
341**0.11/0 


1 
i 
1 
1 
































* After hydrolyzing extracts with 1.8 per cent HCl, and boiling for 1} hours with a 
reflux condenser. 

** Animals were bled before taking of tissues. 

t Dog proved to have a tumor of the ovary. ‘Tissues in addition to those in the table 
showed: bladder 0.04 per cent; parotid 0.04 per cent; esophagus 0.03 per cent; ovarian 
tumor 0.03 per cent; tongue 0.02 per cent; thyroid, aorta, and trachea only traces. 

t Died under ether anesthesia; tissues were taken within 10 minutes. 


The blood sugar in these animals varied between 0.10 and 0.13 
per cent, averaging 0.11 per cent, which is within the range usu- 
ally given for the normal blood sugar values in dogs (16). A wide 
variation in the liver dextrose is at once noticeable, varying from 
0.14 to 0.47 per cent, making any average of the several observa- 
tions of little significance. The concentration of dextrose in the 
muscles is well under that found in the blood or liver and is much 
more constant, varying from 0.04 to 0.09 per cent, averaging 0.07 
per cent. The heart muscle with one exception, N IV, seldom 
contained more sugar than did the skeletal muscle. In the other 
tissues, kidneys, spleen, pancreas, stomach, intestine, skin, tongue, 
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thyroid, and brain, the amount of dextrose present is small and 
with the exception of the pancreas in Dog 316 invariably lower 
than in the muscle. All of these tissues taken together, of course, 
amount to much less than the muscle, which is usually considered 
to comprise three-sevenths of the body weight. In Dog NIV a 
slight increase in the dextrose in the muscle extracts is found 
after boiling with hydrochloric acid. The skeletal muscle in- 
creased from 0.07 to 0.10 per cent, the heart muscle from 0.20 to 
0.25 per cent, but no increase was found in either liver or stomach. 


Effect of the Duration of Hyperglycemia. 


Before making observations on animals in which dextrose had 
been administered to determine the amount of sugar the several 


TABLE IL. 


Effect of the Duration of Hyperglycemia on the Concentration of Dextrose in 
Normal Rabbits. 


Dextrose 
in blood ; 
immedi- Dextrose in 

ately tissues. 
before | 
killing. 


plasma be- | 


fore sugar injection. 


Remarks 





Dextrose in 





3¥ | Stomach. 


~ 


per per | per | per 
cent cent | cent | cent 


0.13 10.09 Received no dextrose. 
0.17 10.17) 4 rr = 
0.16/0.35/0. 500 37/0.11)0.12) Received 8 gm. of dextrose per kilo 





7 
subcutaneously; killed 2} hrs. after 











| sugar injection. 
"| 0.13/0.44 a 2'0.08/0.12| Received 8 gm. of dextrose per kilo at 
beginning of experiment; 8 hrs. later 





4 gm. per kilo given subcutaneously. 


| | 
on . 
| Killed 12 hrs. after first injection. 


| 
| | 
| | 
| 0.200.42/0 49)0 440.04 0.2 Received 8 gm. of dextrose per kilo at 
| | | 


beginning; 12 hrs. later 4 gm. per 
kilo and 22 hrs. later 4 gm. per kilo. 
All sugar was given subcutaneously. 
Killed 24 hrs. after first injection. 
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Merck’s anhydrous dextrose was used in all experiments including the 
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tissues had the power of taking up, experiments were performed to 
see what effect the duration of hyperglycemia might have in this 
respect. Rabbits were chosen for this purpose. The results are 
given in Table II. 

A hyperglycemia maintained over periods from 2} to 24 hours 
had little effect on the amount of sugar that the liver, skeletal 
muscle, and stomach held as free dextrose. 


Effect of Bleeding on Dextrose in the Tissues. 


In certain of the experiments a large quantity of blood was 
desired for special investigations. Hence bleeding from the carot- 
id for 3 to 4 minutes was performed until from an animal weigh- 
ing between 10 and 15 kilos 400 to 500 ec. of blood were taken. 
The impression gained from the literature was that glycogenoly- 
sis in the liver to any marked extent did not take place for 2 or 
3 minutes after the death of the animal. We anticipated that if 
the tissues were taken before the heart stopped beating there 
would be no significant change. It soon developed that bleed- 
ing had a profound effect on glycogenolysis in the liver. At the 
same time it came to light that glycogenolysis in the muscles and 
other tissues did not occur to any significant extent, making it 
possible to study the effect of bleeding on the liver dextrose and 
at the same time to use the other tissues for dextrose determina- 
tions. The liver tissue was taken immediately after the animal 
was stunned, thus avoiding the effect of subsequent bleeding. 

If the liver tissue be taken immediately (within 10 seconds) 
after stunning, before bleeding has progressed to any extent, 
there is apparently little hydrolysis of glycogen, as may be seen 
in Experiments 351, 355, 352, and 353. Plasma and liver dextrose 
correspond quite closely except in Dog 350, where the difference 
is considerable. As the time of taking the specimen increases, so 
also does the dextrose in the liver tissue until in one instance, Dog 
344, when 5 minutes elapsed from the time the animal was stunned, 
but only 1 minute from the end of the bleeding, before the liver 
was taken, an increase of the tissue over the plasma sugar amount- 
ing to 340 per cent had occurred. When the animals were not 
bled but tissue was taken soon after stunning, out of five animals 
in only one did the liver contain much more dextrose than the 





Walter W. Palmer 87 


plasma. The increase in dextrose in consecutive specimens of 
liver was found to be greater in the animals which were bled than 
in those not bled. In diabetic animals, as might be expected when 


TABLE III, 
Effect of Bleeding on Dextrose in the Liver. 


| Time between 
No. of or | stunning Difference 
experiment. — “| and taking of, 
| liver. 


Liver dextrose between plasma 
and liver 


Normal animals bled. 


cent | r per cent 
27 10 sec. +0.10 
28 ee 0.00 
83 10 * —0.08 
06 . i ; —0.31 
OS min, 0.00 


10 48 +0.38 
12 : 22 +0.10 
13 5 58 L0.45 
13 43 30 
21 | SO 59 


1 
19 2 : | +-0.66 
4 


Normal animals without bleeding. 

0.55 | sec. | 0.47 

0.27 min. | 0.32 

0.10 0.14 

0.68 7 0.65 

0.2% | | 0.47 
Diabetic animals bled. 

0.53 4 min. 

0.44 5 

0.56 

0.71 


Diabetic animals without bleeding. 


0.26 10 sec. 0.26 
Imin. | 0.54 
[* | --2e 
7 « 0.49 
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glycogen in the liver exists in small amounts or is absent, the liver 
dextrose is invariably lower than the plasma. Glycogenolysis in 
muscles is much slower than in the liver. This was shown by 
repeated analyses of muscle samples taken at intervals during 15 
minutes after stunning. The changes were always insignificant. 


Intravenous Dextrose in Rabbits. 


Bang (8) has reported a series of experiments on normal fasting 
rabbits in which following an intravenous injection of dextrose 
there was a higher concentration of sugar in the liver than in the 
blood. This observation seemed of sufficient importance to con- 
firm because of its bearing on glycogenesis and its possible sig- 
nificance in diabetes. Accordingly Bang’s experiments were re- 
peated. Normal rabbits which had been fasted for 6 days were 
used (Table IV). 

TABLE IV. 
Intravenous Dextrose in Rabbits. Effect on Dextrose in Liver. 





No. of experiment VI. VIl. VII. IX. X. 





Weight, gm..................+.-.+| 1,750 | 2,000 | 2,750 | 2,175 | 2,125 
Amount of dextrose injected, 
we ae a 2.0 2.0 4.0 | 5.0 

Time for inje 13 13 15 15 21 
per cent | per cent per cent|per cent 
Blood sugar before injection....; 0.14) 0.13 13 | 0.15 | 0.13 
= “ after - .-.| 0.38} 0.41 .56 | 0.72 | 0.67 
Plasma “ ” ..| 0.56) 0.54 .72 | 0.93 | 0.98 
Liver dextrose........ 0.40; 0.41 .54 | 0.66 | 0.67 
Muscle “ asses we dui ae 6 0.12 17 | 0.18 | 0.16 
Liver glycogen.................| Trace.| Trace.| 0.25 | 0.31 | 0.53 
Muscle “ ae ey - “i 0.08 | 0.10 | 0.15 


woe 





or cococoKr 
-Oonmaro: 


w 




















We were pot able to confirm Bang’s observations, for in all six 
rabbits the concentration of sugar in the liver was below that in 
the plasma, and also below the whole blood values except in 
Rabbit VI, where the difference amounts to 0.02 per cent with a 
whole blood sugar of 0.38 per cent. From a trace in the liver, 
when 2.0 gm. of dextrose were given, the glycogen increases to 
0.53 and 1.03 per cent in the two rabbits receiving 5.0 gm. Both 
dextrose and glycogen exist in small amounts in the muscles. 
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Effect of Dextrose Administration in Normal Animals. 






Dextrose was given by mouth, subcutaneously, intravenously, i 
and intraperitoneally to determine, in addition to the effect of . 
hyperglycemia itself, whether the manner of administration re 
played any part in the ability of tissues to take up dextrose. iit 
That there might be a difference in the behavior of tissues in con- 
centrating sugar was suggested by the work of Allen (17) who 
found that after administration of dextrose to normal animals 
by any route except intravenously, a marked oliguria resulted, 
whereas sugar given to diabetic animals by any route whatso- 
ever caused a marked diuresis. Allen’s interpretation of this 
phenomenon was that in normal animals the sugar in passing 
through the various tissues to the blood stream when given by 
mouth, subcutaneously, or intraperitoneally underwent some 
change which resulted in its appearance in the blood in a different 
physiological state than when introduced intravenously. The 
diuresis, glycosuria, and loss of power of utilization of sugar in 
diabetes are thought to be due in part to the presence of dextrose 











ee 
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in the blood in some abnormal (probably crystalloid) state. bi 

In all the experiments with the exception of Dog I II the at- ee 
tempt was made to kill the animal at the height of the hypergly- ty 
cemia. Four animals were given levulose by mouth to see if ig 
this particular sugar was held in amounts different from dextrose. i 
The results of the several experiments are collected in Table V. ie 

As in all other experiments, the chief interest centers about the Be | 
dextrose in the muscles and the liver. It will be seen that the it 
amounts of dextrose found in the liver are quite variable. The 4: 





extreme, and apparently somewhat variable, rapidity with which 
glycogenolysis occurs makes the liver values less significant than 
was hoped. When compared with normal values there is an in- 
crease in the muscle dextrose as the blood sugar increases, but it 
is not always directly proportional to it. ro 

In the animals receiving sugar by mouth, having a plasma dex- Hep 
trose of 0.24 and 0.63 per cent, there was 0.11 and 0.21 per cent 
respectively in the skeletal muscles. When large amounts of sugar 
were given subcutaneously the plasma sugar varied between 0.25 
and 0.40 per cent but the skeletal muscle dextrose never rose 
above 0.10 per cent. The highest values were obtained after in- 
travenous administration of dextrose. Dog 352 had a plasma sugar 
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of 1.05 per cent and a skeletal muscle sugar of 0.41 per cent. 
The sugar in heart muscle varies in much the same manner as it 
does in skeletal muscle and seems to have about the same con- 
centration. Little comment is necessary concerning the various 
other tissues examined. Except when sugar was given by mouth 
the stomach was analyzed for sugar for the purpose of comparing 
smooth with striated muscle. Here again the higher the blood 
sugar the greater the amount of dextrose found in the tissue. 
No appreciable difference is to be noted between the effects of 
levulose and glucose in the concentration of sugar in the liver, 
muscles, or other tissues. 

In several of the experiments the extracts of some of the tissues 
were hydrolyzed with hydrochloric acid. Only the extracts of 
striated muscle showed any increase in reducing power after boil- 
ing with hydrochloric acid. 


Influence of Adrenalin. 


Adrenalin was used to produce a hyperglycemia in normal ani- 
mals to determine the effect of glycogenolysis on the tissue dex- 


trose (Table VI). 
TABLE VI. 


Normal Dogs. Effect of Adre nalin. 





| 
| 
| 


Blood 

_Blont_| atest | 

ettsag time tis- Dextrose in tissues. 
fore adren- 


muscle, 


tissues were taken. 
muscle. 


| 


Time after adrenalin that| 


No. of experiment. 


| 


| Stomach. 
| 


Whole 
| Skeletal 


| 

| 

| 

} 

} | 
per cent we cent| per cent|per cent! per cent| per cent 

| | | 











3 | Plasma. 


I 


g 


| 1.29 | 0.25) 0.21 | O11 | 0.13 
Di Bn ‘0 24)/ (0. 20)/(0 12) | 

| (0.110.110.26(0.36, 0.52 | 0.21 | 0.22 0.14} 0.18 | 0.12 
| e (0.52) peer 25)| (0.17)| (0.19) 

| | 
} | 
| | 


+ : 
ok 
( 


361* | 2 | 0.12} (0.32) 
| ' 27)* 
| 0.52 


A Il 


A Ill 





0,100. 110.24)0.29, 0.51 | 0.14 0.15 | 0.17 i 0.10 


| | | 
| (0. 56) |(0 wae hata (0.17) 





* Parke, Davis and Company adrenalin solution 1: 1, 000, \ ec. per kilo 
was used in all these experiments. 

** All values enclosed in parentheses are those obtained after hydroly- 
sis with 1.8 per cent hydrochloric acid by boiling for 1} hours with a reflux 


condenser. 
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There seems to be no striking difference between the amount 
of dextrose in the tissues when hyperglycemia is caused by adre- 
nalin and when it results from the administration of dextrose. 
There is no elevated concentration in the tissues to indicate gly- 
cogenolysis or the pouring of dextrose by the cells into the blood. 
On hydrolysis the only extracts yielding extra sugar are those of 
skeletal muscles. In Dog A III, with a skeletal muscle sugar of 
0.14 per cent, on boiling with acid the concentration is increased 
to 0.28 per cent. 


Effect of Phlorhizin and Adrenalin. 


An animal was phlorhizinized to see if any effect on the tissue 
sugar resulted from the rapid loss of glycogen without hypergly- 
cemia. In two other dogs phlorhizin and adrenalin were given 
as recommended by Sansum and Woodyatt (18) to secure glyco- 
gen-free animals for the administration of dextrose. The pur- 
pose of these experiments was to see if the presence of glycogen 
in muscle bears any relation to the sugar in the tissue before 
and after hydrolysis. Table VII contains the results of these 
experiments. 

It is not surprising to find in the phlorhizinized animal, No. 
353, low values for dextrose in the tissues. With a decrease in 
glycogen the possibility of sugar increase as the result of rapid 
glycogenolysis during extraction is ruled out. The liver dex- 
trose amounting to only 0.08 per cent is the lowest value found in 
any of the animals. No marked difference from the normal ani- 
mals is noted in the thigh muscle, heart, or stomach sugar. An 
increase from 0.08 to 0.12 per cent in the skeletal muscle extract 
was found after hydrolysis. There is no marked difference be- 
tween the concentration of dextrose in the tissues of Dogs P II 
and P III and other animals not free from glycogen. The liver 
values approximate those of the plasma, while thigh, heart, and 
stomach muscle shows amounts near the average usually found 
when the blood sugar is of the same relative value. 

In Dog P II we started with an animal whose muscles were gly- 
cogen-free, as shown by analysis before sugar was given, nor was 
there any glycogen found in either muscles or liver 13 hours after 
sugar was given. The dextrose in the muscles before sugar injec- 
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tion was 0.12 per cent, afterward 0.13 per cent, showing prac- 
tically no change. However, on hydrolysis of the muscle extract 
after sugar injection there was an increase from 0.13 to 0.32 per 
cent or nearly threefold in the sugar values. Hydrolysis of the 
muscle extracts produced less increase in the sugar values in Dog 
P Ill. Starting with practically no hydrolyzable sugar before 
dextrose was given, 1} hours afterward the skeletal muscle showed 
only 0.04 per cent, the heart muscle 0.05 per cent, and the stomach 
0.05 per cent increase after boiling with hydrochloric acid.  Al- 
though in Dog P III no glycogen was found in the muscles before 
sugar injection, we found 0.16 per cent and 0.34 per cent in liver 
and muscle respectively after injection. 


Diabetic Animals without Sugar Administration. 


Various stages and degrees of diabetes* are represented in this 
group of animals. <A brief history of the clinical course of the 
dogs is found in the table giving the results of the tissue analyses 
(Table VITI). 

The striking fact revealed in the tissue analyses of this group 
of animals is the low concentration of dextrose found in both 
liver and muscle as compared with the hyperglycemia at the 
time the tissues were taken. With an average plasma sugar of 
0.41 per cent, the average liver sugar was 0.46 per cent, while 
the muscle sugar averaged only 0.12 per cent, which exceeds but 
little the skeletal muscle in normal animals in Table I where the 
plasma sugar average was only 0.11 per cent. The heart muscle is 
also relatively low in dextrose. In Dog 338 where total pancrea- 
tectomy was performed the plasma sugar was 0.71 per cent, the 
liver was only 0.35 per cent, skeletal muscle 0.14 per cent, and 
heart muscle 0.10 per cent. The sugar concentration in all other 
tissues of this series is low. Attention should be called to the 
fact that the tissues of diabetic animals are low in glycogen. In the 
livers of Dogs 280 and 322, which were in an extremely weak 


state, no glycogen was found in either muscles or liver. The 


3 All pancreatectomy operations were performed by Dr. F. M. Allen. 
Many of the diabetic dogs had been under his observation for several 
months. 
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tissue extracts in Dog 322 showed no increase in reducing sub- 
stances on hydrolysis while in Dog 397 the muscle showed an in- 
crease of 0.09 per cent with no change in the liver extract. 


Effect of Sugar Administration in Diabetic Animals. 
' 


Much the same type of animal was used in these experiments 
as in the preceding group. It comprises mild diabetes, total 
pancreatectomy, and various intermediate stages (Table TX). 

As in the group of diabeti¢e dogs which were given no sugar, the 
striking feature is the low concentration of dextrose in the liver, 
thigh, and heart muscles as compared with the degree of hyper- 
glycemia produced. The average plasma sugar was 0.72 per cent, 
liver 0.55 per cent, skeletal muscle 0.18 per cent, and the heart 
muscle 0.21 per cent. In normal animals the tissues contained a 
higher concentration of dextrose when the plasma sugars were 
comparable. The spleen, stomach, skin, lungs, brain, ete., all 
contain small amounts of sugar. As the plasma sugar increases 
there is a corresponding increase in the dextrose values of all 
these tissues. In Dogs 287, 297, and 309 a great variety of tis- 
sues were analyzed. The variations in.amounts of dextrose in 
the several tissues follow quite closely the variations in hypergly- 
cemia. No increase in sugar or hydrolysis is observed in any of 
the tissues of Dog 271, while in the totally depancreatized Dog 
D I the muscle extract nearly doubled in reducing power after 
boiling with acid. 


Comparison of Normal and Diabetic Animals. 


Both normal and diabetic tissues exhibit a tendency to increase 
in concentration of dextrose as the sugar in the blood increases. 
This tendency, however, appears to be much more marked in the 
normal than in the diabetic animals. To show this relation more 
clearly Table X has been constructed. The concentrations of 
dextrose in the skeletal and heart muscle of normal and diabetic 
animals having nearly comparable blood sugars are placed 
together. 

No marked difference is to be seen in the liver comparisons, but 
both skeletal and heart muscle show a decidedly lower amount ot 
dextrose in the diabetic than in the normal animals, when the 
blood sugars are comparable. 
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TABLE X. 





Comparison between Normal and Diabetic Animals. Liver and Muscle 
Tissues. 





























Plasma sugar directly after 

















Plasma dextrose. Liver dextrose. Muscle dextrose. sages seuntlo 
Normal. | Diabetic. | Normal. Diabetic. Normal. | Diabetic. | Normal. | Diabetic. 

per cent per cent per cent per cent per cent per cent per cent per cent 

0.21 0.23 0.80 0.59 0.06 0.09 0.05 0.06 

0.24 | 0.37 | 0.11 0.12 i 
0.25 0.09 0.29 

0.25 0.56 0.27 0.31 
0.26 0.26 0.23 0.26 0.13 0.06 0.21 0.04 ‘ 
0.27 | 0.27 0.32 0.83 | 0.10 0.05 | 0.22 | 0.15 x 
0.29 0.29 0.51 0.40 | 0.14 0.07 0.23 0.14 2 
0.32 0.29 0.29 0.22 0.25 0.05 0.21 0.11 4 
0.40 0.38 0.62 0.59 | 0.10 0.21 0.08 


























Increase in the Reducing Power of the Tissue Extracts after Boiling iM 
with Hydrochloric Acid. 










In many of the experiments the tissue extracts were hydrolyzed 
to determine the amount of sugar present as polysaccharides. 





AB EREOMON COMLAINEG U.S per cent giycogen and liver VU.006 per cent. 











€ The results are of sufficient interest to make it desirable to ar- r 
& range these data separately in Table XI. i 
Soe It is noted that occasionally, but not always, there is an ap- FE 
— preciable increase in the reducing power of the muscle extracts a 
: 5 after hydrolysis. This applies both to skeletal and heart muscles, i F 
» . although the percentage increase in the thigh muscle is often Hf 
Z = greater than in the heart. In all the normal dogs, only three, 
Ss Nos. 355, 361, and P III, failed to show an appreciable increase ‘¢ 
5 in the dextrose values on boiling with hydrochloric acid. The é 
t reducing power of the muscle extract in Dog P II is nearly trebled tie 


72S MW be 


on hydrolysis. The diabetic dogs are equally divided, Dogs 322 
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TABLE XI. 


Increase in the Reducing Power of the Tissue Extracts after Hydrolysis. 





Liver. Skeletal muscle. | Heart. } Stomach. 





pene J Plasma |———— — ae 

cae sugar. | Before After Before After Before After | Before | After 

sae | hydrol-| hydrol- | hydrol- | hydrol- hydrol- | hydrol- | hydrol- | hydrol- 
ysis. | ysis. | ysis. ysis. ysis. ysis. ysis. | ysis. 


Normal. 


per aun | per eont } onan mn eont 
0.20) 0.25! 0.04 | 0.04 





per cent | per cent | per cent | per cent | per cent 
NIV | 0.11 | 0.26 0.27 0.07; 0.10 
0.24 | 0.37 0.37, 0.11 | 0.20 





347 | 0.19 | 0.86 | 5, O11!) 0.16) 0 0.17 
LIL | 0.25} 0.56) 0.58) 0.27) 0.35) 0. 0.35 
355 | 0.83 | 0.75 | 0.72} 0.33) 0.32] 0.33} 0.36 
361 .32 | 0.29} 0.27| 0.25| 0.24) 0.21] 0.: 
AIl 36} 0.52) 0.52) 0.21) 0.36) 0.2: 

A Ill 29 | 0.: 56) 0.14) 0.28 | 

353 | «0.18 | 0.08} 0.12 

PI .26| 0.23} 0.27} 0.13} 0.32 | 

R III 47 ds : 0.25 0.29 


| 
| 
| 








Diabetic. 

322. | 0.56 | | 0.28) 0.29. 

397 | 0.38 | 0.59 59 0.21) 0.30 

271 «| «1.00 | 0.48 8| 0.33) 0.32) 0.27 

DI | 1.48 95 95! 0.25] 0.47 | 0.45 57 | 0.56 
and 271 show no increase, No. 397 shows a slight increase, and 
No. D I nearly doubles the dextrose on hydrolysis. Apparently 
the presence or absence of hydrolyzable sugar in the muscles does 
not depend on the presence or absence of diabetes. Although the 
administration of sugar both in normal and diabetic animals in- 
creases the amount of dextrose found after hydrolysis, when this 
amount is compared with the sugar present as dextrose the per- 
centage increase is about the same with or without sugar 
administration. 

Examination of Table XI reveals further that the striated muscle 
of dogs is the only tissue which contains any appreciable amount 
of sugar in the polysaccharide state. Extracts of stomach and 
liver, as well as kidney, lung, and skin, never show a change in 
reducing power on hydrolysis that is not well within the limits of 
error in experimental technique. 
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Amount of Dextrose Recovered after Injection. 










In several of our experiments the data at hand were utilized 
to estimate what proportion of dextrose injected into the animal 
could be acccunted for (Table XII). 









TABLE XII. 





Amount of Dextrose Recovered after Injection. 





Time after 












No. of ex- Weight! Route of sugar Sugar Sugar sugar given , 
periment. | of dog. | administration. | given. recovered before Remarks 
} oi analysis 
kg. | gm. | gm. |per cent hrs i 
350* | 15.0 | By mouth. 97 | 94.4) 97 1 7. 
P III | 15.5) Intravenous. 62 57.2) 92 1} ai 
347** | 16.0 | By mouth. 192 | 159.0, 83 | 2 i 
DI 18.7 | Intravenous. 76 53.2) 70 13 li 
297 16.3 ‘s 24 15.4) 64 | > | Partial pan- it 
| createcto- | 
| | | my but . 
not glyco- ; 
suric. 
Ir | 14.5 | . | 52] 31.9) 61 1} 
Pit ius | 40) 21.8) 55 1} ai 
Pee am: ; siecle = sail ay 
* Experiment was performed under conditions similar to those in Lusk’s a 
metabolism work (19). ft 
** Levulose was the sugar used in this experiment. ; 












As it was not possible to estimate the respiratory metabolism, 






Dog 350 was given sugar under conditions similar to those of BM 
Lusk (19) when the amount of sugar burned was followed for a 
several hours after its introduction into the stomach. A 15 kilo ‘a 

ie 


dog was given 97 gm. of dextrose in 170 ec. of water by stomach 
tube and killed an hour later. In estimating the sugar in the tis- 







sues at the beginning of the experiments the average of the nor- 4 
mal values in Table I was used. In computing the amount of f 
sugar recovered the volume of blood was estimated as amounting 
to one-twelfth of the body weight (20); the muscles as three- ¢ 
sevenths of the body weight. Details of the calculation are given : 






below. The weight of the dog was 15 kilos. 





ares = 9 . = - 
BPI ok MPA Sa eg 








106 Dextrose in Normal and Diabetic Animals 


. Amount recovered from stomach contents.. 
c bg oi itself... 
“intestines. wee 
“blood. 1250 * 0.10 per 
ra 


3.: 


| est Bs leer hae ; 4 
. Amount burned computed on basis of Lusk’s ex- 
periment.... 4; 
Total recovered. ne . 94.: 
Amount given.... ; 97 
Amount unaccounted for , 2.6 
a Ee ee ... 97 per cent. 


This method for estimating the recovered sugar is used in the 
other animals reported except that no estimation of amounts that 
may have been burned was possible. Following levulose by 
mouth and dextrose intravenously the amounts of sugar burned 
are unknown. Glycogen estimations were not made in all cases. 
Dogs D I and P II showed no glycogen, while in Dog P IIT there 


was 0.16 per cent in the liver and 0.34 per cent in the muscles. 
Variable amounts of sugar were accounted for. In Experiment 
350, where it was possible to estimate the dextrose burned, 97 
per cent was recovered. In Dog P III afterintravenous dextrose 
we were able to account for 92 per cent. The amount of dextrose 
burned in each case is important in attempting to account for the 
disappearance of dextrose after injection, and especially so when 
sugar is given intravenously, because Lusk has shown that the 
higher the concentration of metabolisable material in the blood 
stream, the higher the metabolism. 

Only one opportunity to examine human tissue presented itself 
during this investigation. A boy 9 years old died in diabetic 
coma, 2 years after onset. 24 hours before death his blood sugar 
was 0.50 per cent, and his liver, obtained 1 hour after death, con- 
tained 0.55 per cent of dextrose; no change after hydrolysis. 
There was no glycogen in the liver. 
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DISCUSSION, 













Irom the data presented it is clear that under widely varying 
conditions the amount of carbohydrate existing as dextrose in 
the tissues at any one time is small. The tissue of most impor- 
tance is muscle, for it comprises three-sevenths of the body weight 
and by its mass could be responsible for storing large amounts of 
free dextrose. Four normal animals, having an average blood 
sugar of 0.11 per cent, had an average of 0.08 per cent in theskele- 
tal and heart muscle. These values are much lower than the 0.2 
to 0.4 per cent found by Pavy, who does not give any blood sugar 
figures. Although sugar administration increases the amounts of 
sugar to be found in the tissues, its concentration is always low 
and not commensurate with the increase in blood sugar. The 
highest value, 0.41 per cent, for muscle sugar was found after 
intravenous injection of 5.5 gm. per kilo, in which the plasma sugar 
rose to 1.05 per cent. Except in the phlorhizinized dog, No. 
353, with a plasma sugar of 0.08 per cent and a muscle sugar of 
0.08 per cent, we have never found dextrose in the muscle to equal 
that in the blood. Frequently the muscle sugar was only half as 
concentrated as the blood sugar, and in some instances in normal 
animals, as Dog 337, amounted to only one-fourth. 

Diabetic animals present little difference in respect to dextrose 
in muscles. The amounts found are small, and apparently not 
influenced by the type of diabetes or sugar administration. As in 
the normal animals, the controlling factor seems to be the concen- 
tration of dextrose in the blood. The point of difference between 
the normal and diabetic animal is that when comparative blood 
sugar values are taken the muscle of the diabetic animals contains 
less dextrose than the normal. This fact suggests that diabetic 
tissues are more impermeable to sugar than normal ones, and coin- 
cides with the results of previous workers, that sugar injected 
into the veins of diabetic animals does not leave the blood so rapidly 
as it does in normal animals. Just what relation this phenome- 
non may bear to glycogenesis and the oxidation of glucose in the 
organism is unknown and difficult to conjecture. As all the tis- J 
sues contained more or less blood, the actual amount of dextrose 
in the muscle substance must have been very small indeed. It is 
reasonable to expect that the amounts of blood remaining in the 
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tissues in animals killed under similar conditions were fairly con- 
stant. Therefore the difference between normal and diabetic 
animals gives support to the belief that, contrary to the findings 
of Albertoni and Monetti, dextrose does exist in the muscles, at 
least in normal animals. 

That body tissues ordinarily contain only small amounts of free 
dextrose has an important bearing en all discussion of the fate 
and probable disposition of dextrose in the organism. Body fluids 
and tissues have been credited with the same concentration of 
dextrose as exists in the blood. In amount at least, this allow- 
ance is far too liberal. We have no way of telling now nearly the 
animal experiments correspond to what takes place in normal 
and diabetic men. But granting that the fate of glucose is some- 
what similar, it is no longer possible to explain the retention of 
‘arbohydrate by diabetics as in the form of dextrose distributed 
throughout the tissue and body fluids. In the case of Gerald 8. 
reported by Allen and Du Bois (21), the non-protein respiratory 
metabolism shewed over a period of 2 weeks 438 calories derived 
from carbohydrates, while the carbohydrates in the food were 
only 2 gm. daily. As the individual weighed 40 kilos, the muscle 
tissue computed at three-sevenths of the body weight amounts to 
17.7 kilos. Allowing a diminution of 0.10 per cent in the concen- 
tration of dextrose in the muscles during this time as contributing 
to the carbohydrate calories, only 17.7 gm. are available. An 
allowance of 0.10 per cent reduction in the muscles, judging from 
the results of animal experimentation, is liberal when one consid- 
ers that Gerald 8.’s blood sugar varied between 0.156 per cent 
and 0.208 per cent during the period of observation in question. 
As Allen and Du Bois and others have shown that acetone bodies 
cannot exist in quantities sufficient to account for more than a 
small part of the increase in the respiratory quotient of these cases, 
the evidence points strongly to glycogen as furnishing the extra 
calories. 

It is necessary in this connection to consider the accuracy with 
which it is possible to estimate the amount of carbohydrate burned 
over long periods when computing the amount of sugar retained 
by the diabetic individual. Under the usual conditions there is a 
possible error of 6 to 10 per cent in the determination of the res- 
piratory quotient because the second figure in the quotient is 
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accurate to within 2 or 3 only, although under ideal circumstances 
an error of only | in the second place may be secured. Hence a 
man could burn 50 gm. of dextrose at the rate of 2 gm. per hour 
in 24 hours, impossible of detection by the calorimeter. On the 
other hand, an organism may be accredited with the combustion 
of more sugar than actually occurs, at least within these limits. 
In diabetes the situation is further complicated when acidosis is 









present. 

With the exception of the liver, which holds a particular place 
in carbohydrate metabolism, the several tissues examined besides 
muscle reveal little that we consider of importance. No evidence 
has come to light that any of the tissues have unusual power to 
store dextrose in high concentration. In general it may be said 
of the minor tissues that the concentration of dextrose varies 
more or less with vascularity. The brain, which contains very 
little blood, contains exceptionally low amounts of dextrose. In 
Dog 352 after intravenous dextrose only 0.11 per cent was found 
in the brain. The average under the varying conditions is con- 
siderably below this figure. 

Analyses were made of the stomach for the purpose of compar- 
ing smooth with striated muscle. In nearly every instance the 
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concentration in the stomach musculature approximated that ; 
. ° S 

found in the striated muscles. ' 
The determination of dextrose in the liver involves several dif- " 






ficulties not easy to overcome. From examination of Table III 
it is evident that the manner in which the animal is killed, as well 
as the rapidity with which enzyme action is checked, is most 
important. But although these factors were controlled as well 
as possible, there exists a wide variation in the amount of dextrose i 
found. This variation seems most probably due to difference in 
glycogenolysis in the several animals. In the normal animals, i 
P II and P III, known to be glycogen-free, and in the diabetic 
dogs, the liver dextrose was relatively low. Only two of the i’. 
diabetic dogs, Nos. 300 and 292, have concentrations of dextrose 
in the liver higher than that in the plasma. In Experiment 300, 
owing to an accident, the liver was not thrust into boiling water 
for 3 or 4 minutes after excision. Dog 292 was killed early in a 
the work by bleeding, before the effect of bleeding on glycogenoly- ; 
sis in the liver was appreciated. In the light of Bang’s experi- 
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ments the higher values in the livers of normal animals might be 
interpreted as meaning an ability, not possessed by the diabetic 
dogs, of storing dextrose in higher concentration than it existed 
in the blood. By taking especial precautions to prevent glyco- 
genolysis we were unable to confirm Bang’s results, ner are we 
inclined to attribute the difference in values between normal and 
diabetic animals as having any such significance. The marked 
rapidity with which glycogenolysis occurs in the liver, as compared 
to the muscles, has been observed by Panormoff (22) and others. 

By hydrolysis with hydrochloric acid the extracts of heart and 
skeletal muscle showed an increase in their power to reduce cop- 
per. No attempt was made to determine the nature of the sub- 
stance yielding extra sugar, but previous work suggests that it 
may be due largely to a biose, probably maltose. 


By treating the extract of dog muscle with phenylhydrazine hydrochlor- 
ide Panormoff (22) obtained a crystalline substance with a low melting 
point which he was unable to identify. An osazone obtained from the liver 
isolated by R6hmann (23) was considered by them to be isomaltose, but no 
details are reported. Pavy and Siau (24) by first precipitating the proteins 
of the blood with alcohol and extracting the coagulum with water, obtained 
an extract which yielded a copper-reducing substance after boiling with 
hydrochloric acid. An osazone was obtained melting at 153° and consid- 
ered by them to be isomaltosazone because of its resemblance to Fischer’s 
substance which he called ‘“isomaltose.’’ A similar osazone was isolated 
by Osborne and Zobel (25) melting at 153°, but on further purification they 
were able to raise the melting point from 153° to 162°. Hence they con- 
cluded that the substance was not isomaltosazone, but in reality maltosa- 
zone contaminated by dextrinous bodies. Furthermore, these workers 
showed that when muscles were washed free of blood by salt solution the 
muscle juices hydrolyzed glycogen into a substance which they considered 
to be maltose. . The results of Levene and Meyer (26) are interesting in 
this connection. They found that if muscle juice (rabbits) and pancreas 
extract were allowed to act on a solution of dextrose a condensation oc- 
curred. A biosazone was isolated with a melting point of 200°. 


The evidence at hand strongly favors the presence in muscle of 
higher sugars or polysaccharides, of which maltose probably con- 
stitutes the larger part. The fact that no hydrolyzable sugar 
exists in other tissues than muscle is interesting, but permits of 
no special interpretation, particularly because it occurs in both 
normal and diabetic animals. 

Attempts to account for all the dextrose injected into the ani- 
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mal, similar to the experiences of other investigators, have not 
been wholly satisfactory. The difficulties attending such an in- 
vestigation have been discussed by Joslin (27). After injection 
of dextrose the amount excreted unutilized in the urine and the 
quantity burned may be determined with some accuracy, provided 
a calorimeter is available. The amount retained as dextrose in 
the blood and tissues is much more difficult to estimate, as is also 
the amount transformed into glycogen, polysaccharides, and fat. 
Little is known about the incompletely oxidized products of sugar. 
Attention should be called to the frequently neglected changes in 
blood volume following the intravenous injection of large amounts 
of dextrose. A calorimeter was not available in our work; hence 
our observations cannot be considered complete. To overcome 
this difficulty partially Dog 350 was given dextrose under condi- 
tions similar to those used by Lusk in determining the amount 
and rate at which dextrose was oxidized after mouth administra- 
tion. We were able to account for 97 per cent of the adminis- 
tered dextrose in this dog. Where levulose, 12 gm. per kilo, was 
introduced by stomach tube in Dog 347, only 83 per cent was ac- 
counted for, but this did not include any estimate of the amount 
burned. Johansson (28) found that the COQ, output after levulose 
administration in animals and men was frequently double what 
it was after the injection of dextrose. Considerable levulose may 
have been oxidized in the 2 hours elapsing between its injection 
and the killing of the animal. After the intravenous adminis- 
tration of 4 gm. per kilo and killing in 13 hours, 92 per cent of 
the amount given could be accounted for, while in others less 
amounts were recovered. During the short period between sugar 
injection and the killing of the animal it is usually taken for 
granted that little glycogen is formed. Freund and Popper's (29) 
work confirms this view. But that glycogen may be formed in a 
short period of time is shown in Dog P III, which was made gly- 
cogen-free by phlorhizin and adrenalin (the muscles proved to be 
free of glycogen by analysis before sugar was given), and which 
had an appreciable amount of glycogen, 0.34 per cent, in the mus- 
cles 13 hours after dextrose administration. It is possible, how- 
ever, that glycogen was unevenly distributed in the muscles and 
the sample taken at the beginning of the experiment did not have 
any, but the remaining muscle still contained small amounts. 
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The conditions governing the formation of glycogen are not well 
known. Johansson observed, in men who had their glycogen re- 
serve depleted by starvation or severe muscular work, that the 
CO, output after sugar administration was much less than in 
men with a normal amount of glycogen. He logically interpreted 
this fact as indicating a much more rapid formation of glycogen 
following ingestion of sugar by glycogen-poor organisms than 
under normal conditions. Other not well known factors in gly- 
cogen formation doubtless play a part. When all the difficulties 
encountered in attempting to trace the fate of ingested dextrose 
are considered, it is not strange that wide variations in results 
are found, also that there is more or less sugar for which no ac- 
count ean be given. 


SUMMARY. 


1. The concentration of dextrose has been determined in mus- 
cle, liver, heart, kidney, spleen, pancreas, stomach, intestine, 
skin, lung, and eye tissues of normal and diabetic animals, under 
varying conditions. In a few instances the dextrose has been es- 
timated in the bladder, parotid glands, esophagus, uterus, tongue, 
diaphragm, thyroid, aorta, trachea, and brain. 

2. No difference in the amount of dextrose to be found in either 
normal or diabetic tissues is caused by variation in the manner of 
producing a hyperglycemia; that is, administration by mouth, 
subcutaneously, intravenously, or intraperitoneally. 

3. The concentration of dextrose in the tissues varies directly 
with the degree of hyperglycemia. The largest amount of sugar 
was found in the liver, the smallest quantity in the brain, the dif- 
ference being largely accounted for by difference in vascularity. 

4. The concentration of dextrose in the tissues is invariably 
lower than the blood sugar except in the liver, where the higher 
concentrations found may be explained by rapid glycogenolysis. 
In the muscles the amount of dextrose is low, varying in normal 
animals between 0.04 per cent when the blood sugar is 0.10 per 
cent and 0.41 per cent when the blood sugar reaches 1.05 per 
cent after intravenous sugar; while in diabetic animals the muscle 
sugar falls’ within the normal limits even though the hypergly- 
cemia rises as high as 1.43 per cent. 

5. Normal animals have a higher concentration of dextrose in 
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striated muscle than diabetic animals when the levels of blood 
sugar are comparable. 

6. Bleeding of the animal causes a rapid glycogenolysis in the 
liver. 

7. Adrenalin produces no change in tissue sugars different from 
that found when hyperglycemia is caused by other means. 

8. In the striated muscles of many but not all normal and dia- 
betic animals there is an increase in the reducing power of the ex- 
tract after boiling with hydrochloric acid. No such changes could 
be demonstrated in the extracts of other tissues. The polysac- 
charide mother substance of the sugar formed by hydrolysis is 
not glycogen, and may be present when glycogen is not. 

9. Amounts of dextrose varying between 55 and 97 per cent of 
the amount injected were accounted for. The maximum of 97 
per cent was recovered in an animal where it was possible to eal- 
culate the amount of sugar burned. 

10. The liver of a boy who died in diabetic coma, obtained 1 
hour after death, contained 0.55 per cent of dextrose and no glyco- 
gen. His blood sugar 24 hours before death was 0.50 per cent. 
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THE EFFECT OF HIGH TEMPERATURES ON THE 
NUTRITIVE VALUE OF FOODS. 


By ALBERT G. HOGAN. 


(From the Department of Chemistry, Kansas Agricultural Experiment 
Station, Manhattan. ) 


(Received for publication, March 17, 1917.) 


In an earlier publication' from this laboratory results were 
cited which indicated that young rats are unable to grow on a 
diet that has been subjected to high temperatures. Many in- 
vestigators believe that the so called accessories are destroyed by 
exposure to heat, and as that is a point of great importance, fur- 
ther studies were made on the nutritive properties of heated 
foods. 

In these investigations white rats were used as experimental 
animals. Many of them were at least half grown when the feeding 
trials began, but some were quite immature. In some cases corn 
constituted the ration, in others a mixture of corn and egg white, 
one or both of which had been heated in an autoclave. In every 
‘ase a salt mixture was added to the diet to compensate for the 
mineral deficiencies of maize. The heating process was contin- 
ued for 6 hours at 30 pounds’ pressure. 

It soon became evident that heating the egg white had little 
or no effect; but in every case in which the corn was heated, the 
diet was inadequate in some respect, and the animals were unable 
to maintain their body weights. These facts are presented in 
greater detail in Charts 1 to 4. 

It has been suggested, however, that some factor other than 
that of accessories was altered. If such were the case probability 
seemed to indicate that the protein of the ration had been changed 
in some way. In order to investigate that point, a comparatively 
pure protein, egg white, was heated in an autoclave for 6 hours 
at 30 pounds’ pressure. This was carefully dried, and combined 


1 Hogan, A. G., J. Biol. Chem., 1916, xxvii, 193. 
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with protein-free milk, butter, starch, and agar, in such propor- 
tions that the protein formed approximately 9 per cent of the 
ration. This diet did not permit maximum growth and possibly 
these rats grew somewhat more slowly than other animals receiv- 
ing a similar ration in which the protein had not been heated. 
Evidently, however, the nutritive value of the protein had not 
been seriously impaired. 

A series of feeding trials similar to the one just described was 
conducted with casein in the ration instead of egg white. In 
these experiments the casein was heated in an autoclave for 2 
hours, but at different pressures. In one case the protein was 
heated at 15 pounds’, in another at 30 pounds’, and in a third at 
45 pounds’ pressure. A control lot received unheated casein. 
In this series the protein formed approximately 12 per cent of the 
ration. In all cases animals of the same sex grew at approxi- 
mately the same rate, indicating that the nutritive value of the 
casein had not been materially lowered by the high temperature. 

The data are presented graphically in Charts 5 to 9. 


SUMMARY. 


The heating process described in this paper does not materially 
lower the nutritional value of protein. 

It is suggested that one or more of the so called food ‘acces- 
sories’’ may be injured by high temperatures. 





Albert G. Hogan 
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Cuart 1. The animals shown in this chart received as their sole diet 
corn that had been heated in an autoclave. All of them slowly lost weight, 
and Rat 22°died. To show that rats are able to grow on corn that has not 
been heated, some additional curves are reproduced here. The broken 
lines representing Rats 181 and 183 are typical of a fairly large number 
that have grown practically to maturity in this laboratory on corn alone 
(that had not been heated). x at the end of « curve indicates the animal's 


death. 
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Cuart 2. The animals shown in this chart received a diet similar to 
the one fed to the rats in Chart 1. This ration contained a much larger 
percentage of protein, however. Enough of the autoclaved egg white was 
added to make the protein content of the diet approximately 20 per cent. 
The younger animals failed to grow and finally died. During the experi- 
mental period the older animals steadily lost weight. « at the end of a 


curve indicates the animal’s death. 
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Cuart 3. These animals received corn that had been subjected to high 
temperatures. In addition they received unheated egg white, in amounts 
comparable to that given to the rats shown in Chart 2. The two younger 
animals grew slowly for a time, but finally died. Of the two older rats, the 
male made some growth, but the female gradually lost weight. z at the 
end of a curve indicates the animal’s death. 
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Cuartr 4. The diet received by these animals consisted of unheated 
corn and autoclaved egg white. All animals grew slowly, but at the usual 


rate for this ration. 
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Cuart 5. The protein constituted 9 per cent of the ration in this case, 
and consisted of egg white instead of casein. The egg white had been 
heated in the autoclave for 6 hours at 30 pounds’ pressure. The broken 
lines represent the growth of rats on a similar diet, in which the egg white 
had not been heated. The composition of the ration was as follows. 
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Cuart 6. The diet fed to the animals shown above included approxi- 
mately 12 per cent of unheated casein. These rats serve as controls for 
Charts 7, 8, and 9. Of the males, Rat 157, and of the females, Rat 169 
grew most rapidly, and for convenience their growth curves are inserted in 
the following charts. The ration is as follows. 
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Cuart7. ‘The protein in the ration of these animals had been heated in 
an autoclave for 2 hours at 15 pounds’ pressure. The broken lines show 












































the growth of control animals, taken from Chart 6 
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been heated at 30 pounds’ pressure for 2 hours. 
value of the casein had not been impaired. 


The casein used in preparing the diets of these animals had 


Evidently the nutritional 
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autoclave for 2 hours at 45 pounds’ pressure. 
were females, the curve of Rat 157, Chart 6, is omitted. 


These animals received casein that had been heated in the 
As both of these animals 
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A QUANTITATIVE TEST FOR SMALL AMOUNTS OF 
SUGAR IN THE URINE. 


By ALMA HILLER. 
From the Medical Clinic of the Johns Hopkins Hospital, Baltimore. 


(Received for publication, March 6, 1917. 


A rapid, accurate method for the determination of small 
nmounts of sugar in the urine is not available at present. To 
overcome this uncertainty, a micro method was adopted. By 
adapting the blood sugar method of Lewis and Benedict,' even 
traces of urinary sugar may be determined quantitatively with 
great precision. 

Since the colorimetric estimation of Lewis and Benedict depends 
upon the reaction of the sugar with alkali and picric acid, and a 
similar color reaction is obtained by the action of alkali and pic- 
ric acid on the creatinine and other substances normally present 
in urine, these must be removed before the method can be ap- 
plied. Normal urines without sugar yield a color reaction with 
the Lewis and Benedict method equivalent to 0.05 to 0.1 per 
cent glucose. In order to remove these interfering substances, 
the process recently suggested by Folin® was used. 

The complete method is as follows: 

To about 10 ce. of urine are added 2 gm. of picric acid and 2 
ym. of bone-black, the mixture is shaken for about 5 minutes and 
filtered? 2 cc. of this filtrate are used for the determination, 


and placed in a 25 ce. volumetric flask. Then 15 ce. of saturated 


aqueous solution of picric acid are added and the flask is filled to 
the mark with distilled water and shaken. Filtration at this 
point is not necessary. 8 cc. aliquots are measured into large 
Jena test-tubes for duplicate determinations. 2 ec. of saturated 
picrie acid solution and exactly 1 cc. of 10 per cent sodium carbo- 
nate are added, then one drop of mineral oil, and the contents 
of the flask are evaporated rapidly over a direct flame until pre- 

' Lewis, R. C.. and Benedict, 8S. R., J. Biol. Chem., 1915, xx, 61 

? Folin, O., J. Biol. Chem., 1915, xxii, 327. 
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cipitation occurs. About 3 ce. of water are added, the tube is 
again heated to boiling to dissolve the precipitate, the contents of 
the tube are cooled, transferred quantitatively to a 10 ee. volu- 
metric flask, made up to mark, shaken, and then filtered through 
cotton into the colorimeter chamber. The color is compared with 





a picramie acid standard: 


Picramic acid....... 5 0.064 gm. 
Sodium carbonate (anhydrous)....... .. 0.100 
Water to make ; Me ...-- 1,000 ce. 


Caleulation: 


SORT Sah een Gh, PE 


Reading of standard 
Per cent of sugar = ————_——_——— x 0.1 
, Reading of unknown 


Tables I and II indicate that creatinine and other substances 
which give a color reaction with alkaline picrate are entirely re- 
moved by the picric acid and bone-black process. 


TABLE L. 
The Method Applied to Glucose Added to Urine. 


Specimen Substance added | Preliminary treatment Result, glucose 


| per cent 
Urine. | None. None. 0.084 
“ ' 0.1 per cent glucose. o 0.183 
eo. Fs | Bone-black. 0.024 
0.1 - + picric acid. 0.100 
0.1 | None. 0.128 
Te lw ' Bone-black. | Not readable. 
10.1 se + picric acid.! 0.100 


TABLE II. 
The Method Applied to a Pentose. 


Specimen. Substance added. Preliminary treatment. Result, glucose 
[ae : 


per cent 
| 0.054 

oF 0.155 
Bone-black. | 0.070 
Picric acid. | 0.153 
| Bone-black + picric acid.| 0.101 


| 


Urine. | None. | None. 
0.1 per cent I-xylose.| 
| 
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As the tables show, this procedure is applicable to urines con- 
taining pentoses as well as glucose. The method proved to be 
valuable in estimating the quantity of sugar excreted in a case of 
pentosuria, in which the concentration of this sugar was only 0.1 
to 0.3 per cent. 


After the completion of the above article the writer’s attention 
was called to a method published by V. C. Myers.’ which is simi- 
lar to, but not identical with her own. 


Myers, V. C., Proc. Soc. Exp. Biol. and Med., 1916, xiii, 178. 
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THE IDENTIFICATION OF THE PENTOSE IN A CASE 
OF PENTOSURIA. 


By ALMA HILLER. 
From the Medical Clinic of the Johns Hopkins Hospital, Baltimore. 


(Received for publication, March 6, 1917.) 


Attempts to analyze the pentose eliminated in cases of pento- 
suria have led to a variety of conclusions. Since the first proof 
of the excretion of a pentose by Salkowski in 1892 (1), the majority 
of the earlier cases were identified as inactive d,/-arabinose, chiefly 
by Neuberg (2). Instances of active, dextrorotatory pentose 
were demonstrated by Blumenthal (3), Rosenfeld (4), and Schiiler 
(5). Active levorotatory pentose was found by Adler (6) and 
Blum (7). Elhott and Raper (8) attempted to identify their 
pentose as d,/-ribose. Luzzatto (9) and Klercker (10) both 
demonstrated the dextrorotatory /-arabinose. More recently, 
Levene and La Forge (11) established the identity of their pentose 
with the osazone of d-xylose. Zerner and Waltuch (12) also 
place their three cases in the d-xylose group. 

The subject from whom the material for this investigation has 
been derived was a Russian tailor, aged 28. A diagnosis was 
made of a low grade of chronic nephritis, moderate hypertension, 
duodenal ulcer, and pentosuria. The period in which the urines 
were collected for the determinations reported here began with 
the first admission of the patient to the hospital in March, 1916, 
and continued for 8 months, the patient cooperating willingly 
while in his own home. 

The pentose reported in the present observation gave an osa- 
zone which, after having been recrystallized from 30 per cent 
alcohol, melted at 159°C. An osazone formed from [-xylose and 
recrystallized in the same way melted at 161°C. Equal amounts 
of these osazones were then dissolved in hot 95 per cent alcohol, 
mixed, and the osazone was crystallized out. These crystals 
melted at 208°C., and decomposed at 215°C., showing the for- 
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mation of a mixed d,l-xylose, a characteristic reaction of the 
xylosazones (13), which was used by Zerner and Waltuch (12) 
and by Levene and La Forge (11) in their identifications. The 
characteristic mutarotation of xylosazone (Table III) further 
strengthened this point, and excluded the possibility of ribose or 
arabinose, and limited the choice to one of three pentoses, whose 
osazones give these reactions characteristic of d-xylosazone. 
These are d-xylose, [-lyxose, and d-xvloketose, which have the 


following formulas: 


CHO CHO CH.OH 
| | | 


} | | 
HOCH HCOH CO 
| | 
HCOH HCOH HCOH 
| | | 
HOCH HOCH HOCH 
| | | 


CH.OH CH.OH CH.OH 


d-Xylose. |-Lyxose. d-Xyloketose. 


By a determination of the direction of rotation of the sugar 
itself, it would be possible to eliminate one or two of the three 
pentoses. Since the concentration of pentose in the urine was 
very slight, varying between 0.1 and 0.3 per cent, the urine had 
to be concentrated before a satisfactory rotation could be read. 
The urine without concentration, decolorized by animal char- 
coal, gave no rotation. This may be accounted for by the fact 
that through treatment with animal charcoal some of the sugar in 
solution is adsorbed, especially in dilute solutions, and also to 
the fact that there are substances normally in urine which give 
a levorotation. This was shown by Zerner and Waltuch (12) 
in connection with their work on the specific rotation of the sugar. 
This apparent inactivity of the decolorized non-concentrated 
urine might lead to the possibility of mistaking the sugar for an 
inactive form. For this reason the urine was concentrated ac- 
cording to the method of Zerner and Waltuch with the prelimi- 
nary precaution, suggested by Bang (14), to prevent loss of 
sugar by treatment with charcoal. The method in full will be 
presented in the experimental part. The rotation of a 1.25 per 
cent solution thus obtained was unmistakably dextro. 





Alma Hiller 


This would exclude the possibility of d-xylose, which is levoro- 
tatory. /-Lyxose has been demonstrated by Van Ekenstein and 
Blanksma (15), and is dextrorotatory. d,/-Xyloketose has been 
demonstrated by Neuberg (16), but d-xyloketose is, so far, un- 
known. But assuming, as Zerner and Waltuch do, that by anal- 
ogy with d-fructose and d-sorbose the osazone and the sugar may 
rotate in the same direction, and that d-xyloketose would be 
dextrorotatory if it were found, the possibility is limited to two 
sugars, /-lyxose and d-xyloketose. 

Comparing the observed rotations with the calculated ones, 
no identification with /-lyxose can be made. If, however, the 
levorotation value of normal urines (Zerner and Waltuch) is 
taken into consideration, approximate values might be obtained 
which approach the calculated values for /-lyxose. 

As this evidence is not very convincing, attempts were made 
to establish the possible identity of this sugar as d-xyloketose. 
This was done by testing for the keto group by oxidation of the 
concentrated urine with bromine. As the experiments show, 
there was a very slight loss of the sugar, as compared with the 
entire loss of the sugar in the aldo control. As a further proof 


of the presence of the keto group, the test of Pinoff and Gude (17) 
with ammonium molybdate was applied to the concentrated 
urine, and the characteristic color reaction was obtained. The 


resorcinol reaction of Seliwanoff was also positive. 
EXPERIMENTAL. 


Method for Concentrating the Urine.—To about 500 ec. of urine, 
freed from toluene by filtration, enough alcohol was added to 
make a 20 per cent alcoholic solution. This was done in order 
to prevent the disappearance of sugar on decolorization with 
charcoal. According to Bang’s statement (14) and the present 
observations, little sugar is lost if these precautions are taken. 
According to the original method of Zerner and Waltuch, as 
much as 20 per cent of the sugar could not be recovered, whereas 
with Bang’s method there was a loss of only about 3 per cent. 
The treatment with blood charcoal and subsequent procedure 
was identical with that of Zerner and Waltuch. 
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Identification of Pentose 


TABLE I, 


Rotation Values of the Concentrated Urine in a2 Dm. Tube. 


; 4 i ee . t - 
Reduction values Rotation observed. Rutation stots ed for 


r cent rn | 
79 | +0.49° 


.20 +0.34° 


TABLE IL. 


Rotation of Urine Treated with d-Lyxose and Concentrated According to 
Zerner and Waltuch. 


Reduction value. Rotation observed Rotation calculated 


‘ 


per cen 


1.80 


TABLE III 


Mutarotation of the Osazone, 0.025 Gm. in 1.25 Ce. of Pyridine Alcohol, 
Rotated in a 0.6 Dm. Tube. 


Time after preparation of solution Rotation 


10 min Siders : ee ae +-0. 10° 
mee? =) cee c% ; See ‘ +O.15 
4 hrs. : ae ; iN ; +0.24° 
ae Mawannietie nck cok erate ge ary eee +0 .40° 


Methods for Identification and Separation of Aldo and Keto Sugars 
in Solution. 


Two procedures were employed, a macro and a micro method, 
which in detail were as follows. 

Macro Method.—The urine was concentrated in the above men- 
tioned manner; in fact the same solution was used after its rota- 
tion had been observed. The quantity of sugar present was de- 
termined by the Fehling-Benedict method; the solution was then 
treated with liquid bromine, by adding twice the weight in bro- 
mine of the sugar found present. This solution was tightly stop- 
pered and allowed to stand 48 hours, with occasional shaking. 
At the end of this interval any excess bromine was removed with 
a separating funnel, and the solution was freed of bromine by 
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distillation in vacuum at 50° until colorless. The solution was 
neutralized and another Fehling-Benedict determination made. 
As Tables IV and V show, in the case of a ketose there is very 
little loss on reduction. In the case of an aldose, the loss is 100 
per cent. 

TABLE I\ 


Results of Brominization Method. 


Sugar present 


Before After 
| brominiza- | brominiza- 
| tion. tion. 


Sotution 


gm ym gm 
Urine concentrated. . eae 1.25 0.05 
Levulose (ketose)... AS 1.62 0.06 3 
Glucose (aldose).............. 1.38 | 1.38 100 


Micro Method.—In order to obviate the long process of decol- 
orizing and evaporating under diminished pressure, a method was 
devised for making the determinations directly on the urine. 
Since the amounts of the sugar found in the urine were so small 
(usually 0.1 to 0.3 per cent), the blood sugar method of Lewis 
and Benedict was modified in order to determine the pentose 
in the urine quantitatively (18). This having been accomplished, 
the brominization was carried out as in the macro method. 


TABLE V. 


Results of Direct Brominization of Urine in the Present Case of Pentosuria. 


Sugar present. 


Before brominization.| After brominization. 


gm. gm. 
0.296 0.256 0.040 


CONCLUSIONS, 


The mixed melting point and the mutarotation undoubtedly 
classify the pentose in the present case of pentosuria in the d-xy- 
lose group. The rotation of the sugar excludes d-xylose; it must 
therefore be either /-lyxose or d-xyloketose. The ketose tests 
point toward the identification of this pentose as d-xyloketose. 


ee ee te ee ee 
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INTRODUCTION. 


The function of bacteria in the production of ammonia from 
the protein substances in soil is well known. How these proteins 
are acted upon, whether it is a hydrolytic process brought about 
by enzymatic action, whether an oxidative one, or whether a 
more complex chemical reaction, is yet an unsettled question. . In 
order to ascertain, if possible, by controlling influencing factors 


as much as conditions would permit, the chemical changes that 
proteins undergo when acted upon by bacteria, the cause of par- 
tial ammonification of protein substances, and the nature of the 
reactions in general, the following series of experiments was 


undertaken. 
EXPERIMENTAL. 
Series I. 


In order to follow out a system by which absolute control of 
influencing factors might be governed, protein substances as pure 
as possible were selected for the source of nitrogen and mixed 
with acid-treated and washed Ottawa sand instead of soil. The 
following proteins were used: blood fibrin, egg albumin, and pep- 
tone. The blood fibrin was the pure substance secured from Fimer 
and Amend; the peptone was the imported Witte-Rostock brand; 
the albumin was prepared in this laboratory from the whites of 
eggs. Instead of using a soil infusion which might contain many 
varieties of bacteria and protozoa, pure organisms were prepared 
by the Department of Bacteriology of this Experiment Station 
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and the sand cultures were inoculated with the same. The fol- 
lowing organisms, which are generally recognized as good ammon- 
ifiers, were used: Bacillus subtilis, Bacillus mycoides, and Bacillus 
vulgaris. The optimum moisture content of the Ottawa sand for 
these bacteria was ascertained so that the greatest possible ac- 
tivity of the bacteria might be obtained. 

It has been shown by Bainbridge’ and corroborated by the 
recent work of Sperry and Rettger? that pure native proteins 
are not acted upon by bacteria, and the presence of a synthetic 
solution containing the necessary food elements is necessary. 
Although all the proteins used in this work are not considered 
native proteins, in order to control experiments alike, 10 cc. of 
the following synthetic solution were added to each culture. 

gm. 


Mannite ey ; 20.0 


K,HPO,........ 0.5 
0.2 

ore es oe ; : 0.2 

FeCl; (10 per cent solution)...... PMS RES eee 0.2 ce 


H.,O to make........... ee a 1,000.0 


Each of the experiments was carried out as follows: 50 gm. of 
the Ottawa sand were introduced into each of several 250 ce. 
Erlenmeyer flasks and 1 gm. of the blood fibrin, albumin, or pep- 
tone was added and thoroughly mixed with the sand. 10 ce. of 
the synthetic solution were next added, together with enough 
distilled water to obtain optimum moisture content. The flasks 
were then sterilized and each was inoculated with one type of the 
pure cultures, Bacillus subtilis, Bacillus mycoides, or Bacillus vul- 
garis, placed in the incubator, and allowed to ammonify for 2 
weeks at 28-30°C. 

During the incubation period some ammonia is volatilized and 
will be lost unless proper precautions for its retention are provided. 
In these experiments the collecting of the ammonia volatilized 
was accomplished as follows: Each of the culture flasks was con- 
nected with a flask containing 0.1 N sulfuric acid and to a second 
flask holding a dilute acid (H»SO,4) solution. Throughout the 
incubation period air was slowly drawn, first through the dilute 


1 Bainbridge, F. A., J. Hyg., 1911, xi, 341. 
2 Sperry, J. A., and Rettger, L. F., J. Biol. Chem., 1915, xx, 445. 
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acid solution, which served to remove the ammonia from the at- 
mosphere and to furnish sufficient moisture to prevent excessive 
evaporation from the cultures, then through the culture flasks, 
and finally into the flasks containing the standard acid. 
Ammonification was allowed to continue for 2 weeks when incu- 
bation was checked and a quantitative determination made of the 
various forms of nitrogen obtained from the acid hydrolysis of the 
protein. The determinations made consisted of total nitrogen, 
amide nitrogen, humin nitrogen, diamino-acid nitrogen, mono- 
amino acid nitrogen, and ammonia. The ammonia that was col- 
lected in the standard acid during incubation was determined by 
titrating the excess acid. That which remained in the culture 
was determined as follows: To the mixture of sand and protein 
was added sufficient ammonia-free water to permit the protein 
to become suspended while the heavier sand settled to the bottom 
of the flask. The water containing suspended protein could then 
be decanted off. This operation was repeated until most of the 
protein was removed from the sand. The small amount which 
remained was obtained by adding a 15 per cent solution of hydro- 
chloric acid and heating upon the steam bath until protein was 


sufficiently hydrolyzed and could be washed out of the sand. 
The ammonia contained in the aqueous solution was then deter- 
mined by making slightly alkaline with lime water and collecting 
the ammonia in standard sulfuric acid by means of aeration. 
After the ammonia had been removed, concentrated hydrochloric 
acid was added to the water solution until a specific gravity of 
1.15 was obtained, and the protein was hydrolyzed by heating 


under a reflux condenser for 72 hours. 

The greater part of the acid was removed from the solution 
resulting from the hydrolysis by evaporating at boiling tempera- 
ture to small volume. The solution which remained was trans- 
ferred to a volumetric flask of 250 cc. capacity, made up to vol- 
ume with water, and aliquot portions were taken for the deter- 
mination of the various forms of nitrogen. 

The Van Slyke method’ for the determination of the forms of 
nitrogen in hydrolyzed protein was used in this work. A few 
slight modifications were made to adapt the method to the work 
in hand. 


‘Van Slyke, D. D., J. Biol. Chem., 1911-12, x, 15. 





138 Decomposition of Proteins by Bacteria 


To secure proper data for comparison, the different forms of 
nitrogen in each of the original proteins were ascertained by tak- 
ing 1 gm. samples, hydrolyzing, and making the same determi- 
nations. 

The results of this series of experiments are given in Tables I, 
II, and III. To afford means of comparison the amounts of the 


TABLE I, 
Results Obtained with Blood Fibrin. 





| 
v ‘ - | i : —— Mono- 
“— a i — ~— Diamino- cutee: 


Organism. : 
acid N. | acid N. 


mg. | mg. mg. mq. mg 
es ee | 4.55 95.9 
6.65 58.8 
9.30 5. 46.2 
11.20 86.6 








1 Gr 





OQ 7 
‘ 


Bacillus mycoides.....| 103.5 2.7 
a subtilis......| 92.8 | 68.: | 2 
6 vulgaris..... 149.1 10.8 | 19 


-_ 


J J 




















Decomposed. 





| | 
per cent per cent per cent per cent 


re err i | - { = | 

Bacillus mycoides.... | 29.6 | = | 31.3+*| 
™ subtilis......| 36.8 | | 24.0+ |102.14+ 

“ vulgaris.....| — | 12.6+ |143.3+ | 





* + indicates an increase in that form of nitrogen. 


TABLE II, 








Mono- 
ed RT amino- 
| acid N acid N. 


Results Obtained with Egg Albumin. 


| | 
Organism a | Sangeeta > | sa | Diamine- 





md. | | mg. 

Blank 141.4 : 5. 3. 25.9 
Bacillus mycoides.....| 88.9 | 55.3 | 15.5 Q 23.4 
_ subtilis. ... 90.3 | 5 | 18. L = 12.9 

vs vulgaris.....| 123.1 | 13.% 2. | &é 23.3 








Decomposed. 





| per " wt) arent per cent per cent | per cent 

Bacillus mycoides.....| 37.1 | 0.6+ ; 9.3 57.8 
“« — subtilis......| 36.1 | 22.0+ | 5. 50.0 | 43.0 

- vulgaris... ..| 2.9 21. 2 10.0 14.3 
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TABLE IIL. 
Results Obtained with Peptone. 





Peete oe Total Ammonia; Amide Humin | Diamino- Mono- 
ganis N ; N N acid N amino- 
acid N. 
mag mg. | mg mg mg ma. 
Blank 53.7 | 15.6 4.4 36.1 98.0 
Bacillus mycoides. 89.6 78.3 23.2 6.6 22.4 38.0 
“ subtilis 71.4 | 77.7 | 28.0 2.6 11.3 | 30.1 
ss vulgaris 130.6 | 20.6 | 19.6 +3 31.1 75.6 
Decomposed. 
per cent | per cent per cent | per cent | per cent per cent 
| | 
Blank. ‘ 
Racillus mycoides.. 11.8 | 48.7-44 i8.9 | 38.0 61.3 
“ subtilis 46.4 | 79.5 40.9 | 68.7 | 69.3 


vulgaris 15.1 25.64 2.3 13.8 22.9 


different forms of nitrogen are given, both in terms of mg. present 
and percentages of the different forms of nitrogen decomposed. 

Inspection of the tables shows clearly that there is a marked 
difference in the action of each organism upon the proteins used. 
Furthermore, none of the organisms tried acts to a greater extent 
upon all the proteins than the others; on the contrary, an organ- 
ism which ammonifies one protein rapidly may ammonify an- 
other protein comparatively slowly. In general, the results indi- 
cate that the rapidity and extent to which a protein is ammoni- 
fied in a certain length of time depend upon the organism used 
as the acting agent. Thus Bacillus subtilis ammonifies the nitro- 
gen of blood fibrin 36.8 per cent and Bacillus mycoides 29.6 per 
cent, while Bacillus vulgaris shows but little ammonification dur- 
ing the time allowed for incubation. On the other hand, albumin 
is ammonified more by Bacillus mycoides than by either Bacillus 
subtilis or vulgaris. In this protein, however, it is to be noted 
that Bacillus vulgaris ammonified it to the extent of 12.9 per cent. 
Again, in the case of peptone, Bacillus subtilis is the most rapid 
ammonifying organism, changing 46.4 per cent of its nitrogen into 
ammonia, Bacillus mycoides being second with 41.8 per cent, and 
Bacillus vulgaris least with 15.1 per cent. 

The monoamino-acid nitrogen and diamino-acid nitrogen are 
the forms which appear to be most readily changed. The extent 
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of transformation varies in the different proteins, depending upon 
the bacteria used, being greater in the monoamino-acid nitrogen 
in one case, while in another protein the diamino-acid nitrogen 
will show a higher percentage. 

The humin nitrogen and amide nitrogen constitute only a small 
percentage of the total nitrogen. Nevertheless, changes worthy 
of consideration are shown in these fractions. Bacillus mycoides 
causes a consistent increase in the humin nitrogen in all the pro- 
teins used, and in the case of blood fibrin all the organisms ef- 
fected an increase of this form. Work by several investigators 
indicates that this increase may be due to the presence of a sugar 
since this substance was employed in the preparation of the syn- 
thetic solution. Amide nitrogen also showed an increase in nearly 
all eases which can be explained only on the basis that there was 
an actual synthesis of this form. 


Series I]. 


In order to gain a deeper insight relative to the changes that 
occur during the process of ammonification, a separation of 
the water-soluble and insoluble portions of the ammonified pro- 
tein was attempted. This was accomplished by centrifuging the 
water solution of protein substance after separating from the 
sand as described in the preceding series. The solid or insoluble 
material thus obtained was hydrolyzed by boiling with strong 
hydrochloric acid and one-half the soluble portion was treated 
in like manner. Determinations of the various forms of nitro- 
gen were made in these hydrolyzed samples, together with the 
other portion left unhydrolyzed. 

The details of the preparation of the cultures were similar to 
the preceding series. Casein and gliadin were the proteins em- 
ploved. Bacillus subtilis was the only type of bacteria used and a 
double number of cultures were prepared in order that the period 
of incubation might be extended over two different lengths of 
time. hus, for casein, one culture was allowed to ammonify 
for 6 ays and the other for 8 days, while gliadin, which ammoni- 
fies very slowly, was allowed to proceed for 15 and 30 days. The 
casein and gliadin used were prepared in this laboratory, the 
former from cow’s milk and the latter from the gluten of wheat 


flour. 
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TABLE IV. 


Results Showing Changes in the Different Forms of Nitrogen during 
Ammonification of Gliadin by the Organism Bacillus subtilis. 


otal (Amide) Humin Diam- | Mono- Am- 
N N 


Experiment ino-acid| amino- | monia 
y acid N 
per cent bl per cent | per cent per cent oot 
Blank 100.0 |25.92) 1.84 4.0 (68.6 
After 15 day Insoluble matter.! 22.24) 4.64) 1.04 2.40 14.08 1 60 
: er 1D days. ‘ — ™ 
*** | Soluble a 26.32] 9.841 1.65 | 2.24 113.12/” 
F ’ Insoluble matter.| 11.04 1.84) 1.04 0.88 8.88 
After 30days. /.. igo 63.84 
. Soluble ” 24.24 6.96) 4.40 3.38 {11.12 
Decomposed. 
15 days 51.44/44.13) 47.824+-'16 0+ 1/60. 37 
3a 64.72/66 .05'195.65+-) 6.0+/70.86 


rABLE Y. 
Results Showing Changes in the Different Forms of Nitrogen during 


Ammonification of Casein by the Organism Bacillus subtilis 
. A q 


Diam 


rota! Amide | Humin | ino- Mono- Am- 
. N N 


amino-  monia 


Experiment ad 
~ acid N 


per ce nt per cent per cent wot per c nt —, 
Blank.. 100.0 12.71 2.29 17.75/68 .60 
Insoluble matter. | 16.13) 2.61 2.38 2.53) 9.68 5 
\fter 6 days. < plage (ee a E . = me t (008 
r Soluble = 38 .71)15.86 1.69 4 84.17.67 
Insoluble matter. | 16.08 2.68 | 0.62 }.05'10.18 P 
After 8 days ; arian Hagin ni Wiese. 3 >? 40.02 
. Soluble ste 3S .OD5'18.75 1.45 4.72/13 .93 


Decomposed. 


6 days 44. 56)45.18+-|76.66+ 58.62/60. 26 
Ney . .... 45. 86168 .67+'10.00 |56.03.64.84 


The results obtained above substantiate, in general, those of 
the preceding series. All the forms of the nitrogen in the protein 
used are changed or acted upon by Bacillus subtilis. Since there 
is but a small amount of diamino-acid nitrogen in casein and gli- 
adin, the monoamino-acid nitrogen was evidently the source of 
most of the nitrogen for the ammonia formed. A comparison of 
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the rate of ammonification of different proteins shows that they 
may vary widely, casein and gliadin being extreme examples. 
Casein attained maximum ammonification in 6 days, and probably 
before that time, as has been shown by Kelley,‘ while gliadin 
had not reached the maximum point after 30 days. 

It is noted that a greater percentage of all the different forms of 
nitrogen is contained in the soluble portions, although before bac- 
terial action very little of either casein or gliadin is soluble. The 
changes in the different forms of nitrogen, soluble and insoluble, 
are evident from the tables. 

The half of the soluble portion that was not hydrolyzed was 
used to make determinations of the soluble amino nitrogen. This 
was accomplished by taking an aliquot part and analyzing by 
the Van Slyke method, using the small Van Slyke apparatus. 
Similar determinations were made upon acid-hydrolyzed samples 
and water solutions of the untreated protein. The water solution 
was prepared by taking | gm. of the protein substance, adding 20 
ce. of distilled water, and allowing it to stand 5 hours, shaking at 
frequent intervals. After allowing to settle for a few minutes, 
the supernatant liquid was decanted through filter paper. 

Table VI shows a comparison of the amount of free amino-acid 
nitrogen contained in gliadin and casein before and after hydrol- 
ysis and after ammonification by the organism Bacillus subtilis. 


TABLE VI. 





Before. After After ammoni- 
hydrolysis. hydrolysis. fication. 


-_ —_——-— |-— 


| | 
| mg. mg | mg 





Gliadin ae | 0.57 | 42.56 17.03 
0.68 99 31 46.00 


Casein 





We note from these results that there was a very small amount 
of free amino nitrogen in the water solution of the untreated pro- 
tein, while in the acid-hydrolyzed and ammonified sample a large 
amount was obtained. This indicates a similarity of chemical 
change between acid hydrolysis and bacterial action, and we would 
therefore infer that in ammonification the protein is hydrolyzed 
into amino-acids by the action of bacteria. 


4 Kelley, W. P., Hawaii Agric. Exp. Station Bull, 37, 1915. 
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The results obtained thus far do not lead to any definite con- 
clusions relative to the cause of incomplete ammonification of 
protein substances. All the various forms of nitrogen are present 
after bacterial action, although necessarily in different propor- 
tions. The question naturally arises: Can it be the presence of a 
toxic substance resulting from bacterial decomposition that tends 
to inhibit ammonification beyond a certain point? For the pur- 
pose of getting light upon this question, sand cultures of casein 
were prepared as in the previous experiment, sterilized, inocu- 
lated with Bacillus subtilis, and allowed to incubate until no further 
ammonification was noticed. The unammonified protein sub- 
stance was then separated from the sand and a further separation 
of the insoluble and soluble material, as described above, was ef- 
fected. These separate parts were then dried on the steam bath, 
ground to a fine powder in a mortar, introduced into individual 
flasks containing fresh sand, sterilized, and again inoculated with 
a fresh culture of Bacillus subtilis. Ammonification was allowed 
to continue first for 2 weeks, after which time a very small amount 
of ammonia was formed. The flasks were again placed in the 
incubator and allowed to ammonify for 3 weeks longer when analy- 
sis showed that the ammonia continued to be formed only in negli- 
gible amounts. During this time, the organism, Bacillus subtilis, 
was the only organism present; and in order to ascertain whether 
or not other bacteria, as are present in an ordinary soil infusion, 
would show a greater decomposition of the remaining protein 
substance, with the ultimate formation of ammonia, the flasks 
were now inoculated with a soil infusion and allowed to ammonify 
for 2 weeks. The results indicated a slight ammonification, vield- 
ing 2.4 mg. of ammonia for the flask containing the solid material] 
and 2.1 mg. for the other containing the solution. The amount 
of ammonia formed in 2 weeks is very small, and after 5 weeks’ 
further incubation it increased slightly. 

The results indicate that the degree of ammonification is not 
influenced by the presence or absence of any particular form of 
nitrogen contained in the protein molecule, nor by any decompo- 
sition product which could be destroyed by sterilization, nor by 


the presence of a toxic substance. If these inferences are true, it 
is probable that ammonification can proceed only to a point 
where there occurs a residual portion of the original molecule 
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which is sufficiently stable to withstand the action of bacteria. 
Any action that would be sufficiently strong to tear down this 
residue would in all probability permit further ammonification. 
Whether this further cleavage of the protein molecule occurs 
under soil conditions is a matter which can only be determined 
by further experiment. 


SUMMARY. 





A limited study has been made on the chemical changes that 
occur when a protein substance is acted upon by certain organisms. 

The results indicate that: 

1. All the nitrogen forms are changed more or less by the ac- 
tion of the bacteria, and the end-product ammonia is formed. 
In no case was one form of nitrogen completely destroyed. 

2. The rapidity of action varies greatly with different protein 
substances, casein showing no further change after a few days, 
while gliadin continued to ammonify after 30 days. 

3. One organism does not act upon different proteins alike. 
The relative proteolytic activities of the organisms used depend 
on the proteins acted upon. 

4. The monoamino-acid nitrogen and diamino-acid nitrogen of 
the protein are the chief sources of the ammonia formed by bac- 
terial action. 

5. The similarity of chemical change between the action of acid 





hydrolysis and the action of bacteria indicates that the latter is 
largely hydrolysis to the point of formation of various amino-acids. 

6. There is no toxic substance formed that would inhibit com- 
plete ammonification of a protein. 
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INTRODUCTION, 


In order to arrive at any conception of the factors underlying 
mammary secretion it is necessary to differentiate between the 
period of development of the mammw, the period of their hyper- 
trophy during pregnancy, and the period of secretory activity af- 
ter parturition. From the standpoint of biochemistry the third 
period is one of special importance. 


The influence of the placenta on the secretion of milk has been the ob- 
ject of attention of several investigators. Fellner (1) and Biedl and Kén- 
igstein (2) seem to think that repeated injections of placental extract tend 
to cause hypertrophy of the gland, yet neither Kreidl and Mandl (3) nor 
Frank and Unger (4) could observe this effect. From the researches of 
O’ Donoghue (5, 6,7) and of Ancel and Bouin (8) it is evident that the inter- 
nal secretion of the ovaries is the most important factor in the preparation 
of the mammary gland for the assumption of its function. 

Niklas (9) gives a comprehensive bibliography of the observations on the 
effect of placenta on milk secretion from the quantitative standpoint. 
Basch (10), Lederer and Pribram (11), Aschner and Grigoriu (12), and 
Niklas (9) claim that an increased secretion of milk usually occurred as the 
result of the injections of placental extract. Fieux (13), Lane-Claypon and 
Starling (14), Biedl and K6nigstein (2), Mackenzie (15), and Gaines (16) 
fail to find such an increase. In facet both Mackenzie and Gaines report 
an inhibition. Feeding experiments have given similar inconstant results. 
On women the increase was usually of but slight degree only. 

Letulle and Larrier (17) consider that the active substance came from 
the syncytium, while Ercolani (18), Creighton (19), and Pinoy (20) claim 
that it is the result of the degenerative changes in the placenta. 
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As the natural result of these observations there are two sets of ideas 
regarding the part played by the placenta in milk secretion. The one ini- 
tiated by Hildebrandt (21) and supported by Halban (22) rests upon the 
negative results, and considers that during pregnancy the placenta gives 
off a substance inhibitory to the secretory activity of the mammary gland, 
but excitatory as regards its hypertrophy, with the complementary idea 
that the removal of this inhibitory stimulus results in secretory activity. 
A chalone action is thus attributed to the placental secretion. The other, 
probably best expressed by Niklas, considers that at delivery there is an 
overflowing of hormones into the maternal blood, which after a certain 
period of incubation bring about the initiation of the activity of the milk- 
producing cells, and which in all probability come from the placenta. 
















It would appear from the foregoing that a chemical study of 
the composition of human milk when produced under the influ- 
ence of placental ingestion would be of some assistance in deter- 
mining whether or not the activity partakes of the type of a 
chalone or hormone. It would likewise show in some degree the 
influence of the placenta upon the maternal metabolic changes 
preparatory to the taking on of a food-producing function. 

In a previous paper (23) a somewhat detailed report was given 
of the variations in the chemical composition of human milk during 
the first 11 days after parturition. The present paper is a report 
of the changes induced in these variations by the oral administra- 

























<r aaa Aen oeESREAESe clenaeee TT 


tion of desiccated placenta. 

The subjects of this experiment were healthy patients in the 
Los Angeles County Hospital. Throughout the period of study 
the diet was the same for all, and was the same as for those previ- 
ously reported, with the exception that 0.6 gm. of desiccated pla- 
centa was ingested three times a day, commencing with the day 
of delivery. The milk production of eight women was studied. 





Case. Date. | Case. Date 
7 = } ee 7 
1916 i 1917 
] Aug. 28-Sept. 5 5 Feb. 10-18 
2 7 2y- * 6 | 6 “ 13-21 
3 29- “§ 6 7 “« 13-21 
4 30- “ 7 8 “  25-Mar. 5 





The milk was collected by means of the breast pump at the same hour 
on the 3rd, 5th, 7th, 9th, and 11th, days after parturition. 
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Methods. 


Preparation of the Placenta.—The fresh placenta was ground to a pulp 
in a meat grinder, mixed with 5 to 10 cc. of toluene, and spread in a thin 
coat over a large glass plate. It was then dried, without decomposition, 
in about 48 hours, to a leathery, semi-brittle mass, using the air current 
from an electric fan. This material was then ground as fine as possible 
and dried for 24 hours over sulfuric acid in a partial vacuum at room tem- 
perature. Regrinding resulted in a fine dry powder of uniform consistency 
and a not unpleasant odor. This powder was administered in capsules. 

Analyses.—The analytical processes used were the same as those given 
in the report on normal milk secretion (23). 


Total Nitrogen and Proiern. 


Total nitrogen only was determined and the protein calculated 
from these figures by multiplying by the factor 6.37. With the 
exception of the 3rd day the ingestion of placenta has the effect 
of increasing the per cent of protein in the milk about 12 per 
cent. It apparently causes a lowering of the initial protein per 
cent in colostrum. The results are recorded in Table I. 


TABLE I. 


The Percentage of Protein in Human Milk on the 3rd, Sth, 7th, 9th, and 11th 
Days after Parturition, when Desiccated Placenta Is Fed. 


Subject : 1 2 3 4 5. 6. 7 S Aver- Hig! I 
age 

Day Protein. 
srd 2.11/6.08'3 .44)1 .90)2. 22/2. 24'2 32/2 .68! 2.87 | 6.08 | 1.90 
5th 1 64/1. 85/2 .52)1 .56)1 .82)1 .79)2.22}2.09) 1.94 | 2.52 1.56 
7th 1 .55)1. 83/2 .87)1.86)1.72)1.60)2.06)1.77) 1.91 | 2.87 | 1.55 
9th 11 41/1 .86/2 95/1 .90}1 .52)1.93}2.12]1.70)} 1.92 | 2.95 | 1.41 
llth 11. 20)1 .82 1 .42)1.61)1 .38/2.02)1.33) 1.54 | 2.02 | 1.20 

Average. 1. 58/2 69/2 .95)1 .73)1.78)1.7912.15)1.91) 2.04 | 3.29 | 1.52 


Group Variations for Each Day.—In 88 per cent of the cases on the 3rd 
day the extreme limit of variation from the mean is + 29 per cent, which 
is 40 per cent less variation than that found when no placenta is fed. This 
limit undergoes a slight narrowing on the 5th day, but from then on ex- 
pands, so that by the 11th day of lactation the variation from the mean is 
+25 per cent, almost equal to the initial limit and nearly 40 per cent greater 
than normal. 
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Group Variations from Day to Day.—¥rom the 3rd to the 11th day of 
lactation there is a general fall in protein production, the most marked de- 
cline taking place between the 38rd and 5th days. It shouid be noted that, 
as with normal protein production, there is also here an evident tendency 
towards an increase in protein per cent between the 7th and 9th days. This 
increase is of sufficient frequency to denote the presence of some important 
change taking place in the protein production mechanism at this time. 
Qualitatively, therefore, the ingestion of placenta fails to alter the usual 
AY. course of production direction. Quantitatively the decrease in production 
is of a lesser degree than normal, resulting in a uniformly higher protein 
per cent in the milk of women ingesting the desiccated placenta. 



















The Effects of the Ingestion of Desiccated Placenta on the Varia- 
tions in the Protein Percentage of Human Milk._-The feeding of 
desiccated placenta to women during the first 11 days of lactation 
decreases the per cent of protein in colostrum; it increases the 
production from then on about 12 per cent above the normal; 
it causes a narrowing of the limits within which this production 
may be supposed to occur in colostrum, with an evident later ex- 
pansion of these limits above those normally found; it does not 
alter the normal changes in production direction at any time; 
it has practically no effect on the individual variability from day 
to day; and the plane of protein production remains nearly as 
uniformly above or below the group average for the single days 
as when no placenta is ingested. 

















Fat. 













In Table II will be found the per cent of fat in the milk of eight 
women on the 3rd, 5th, 7th, 9th, and 11th days after parturition, 
when desiccated placenta is fed. 

As a whole, the effect of the ingestion of desiccated placenta on 
the fat per cent in human milk is the opposite of that produced 
on the protein. It causes a tendency towards an increase in the 
per cent of fat in colostrum, with a decrease in the succeeding 
days, when compared with the milk produced by individuals not 
subjected to its influence. 

The Effects of the Ingestion of Desiccated Placenta on the Varia- 
tions in the Fat Percentage of Human Milk.—The feeding of desic- 
‘ated placenta to women during the first 11 days of lactation tends 
to decrease the per cent of fat in milk; it eauses an expansion of 






















I. 





The Percentage of Fat in Human Milk on the 3rd, 5th, 7th, 9th, and 11th Days 
after Parturition, when Desiccated Placenta Is Fed. 


TABLE II. 
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Subject Riess pe pete p>. | a 7S ioe | Low. 
Day Fa 

3rd 2. 26/7 .06/3.32/4.14/3.72/2.88/4.88/6.53) 4.35 | 7.06 | 2.26 

5th 1.44/2.94/1.89)2.57/3.89)3.08/4.80|/2.30) 2.58 | 4.80 | 1.44 

7th '2.10/3.30)4. 41/2. 59/2. 14|3.69|8.88'2.67, 3.72 | 8.88 | 2.10 

9th '4.09/2.36)3.10)1.74/1.93)2.46/4.843.52) 3.00 4.84 | 1.74 

11th 2.72/3.98 2.71|2.63)/3.62/6.30/4.17| 3.73 | 6.30 | 2.63 

Average. 2.52/3.93/3.18/2.75/2.86/3.15'5.94/3.84 3.48 | 6.38 | 2.03 


the limits within which the production may be supposed to occur 


in colostrum; it causes a later narrowing of these limits below those 
normally found; it tends to regulate the variation in production 
direction; it increases the individual variability to a marked ex- 
tent; and it causes the plane of fat production to tend towards 
uniformity to a greater degree than is found in the milk of indi- 
viduals not subjected to its influence. 


Lactose. 


{n Table III will be found the per cent of lactose in the milk of 
eight women on the 3rd, 5th, 7th, 9th, and 11th days after par- 
turition, when desiccated placenta is fed. 


rABLE III, 


The Percentage of Lactose in Human Milk on the 3rd, 5th, 7th, 9th, and 11th 
Days after Parturition, when Desiccated Placenta Is Fed. 





| | | | Aver- 


Subject. i ee a 4. |] 5. | 6 1 £5 High. | Low 
Day. | Lactose 
3rd° (6.49'6.375.745.16.4.47 5.735.885.8383 5.71 | 6.49 | 4.47 
5th (7 00/6. 20.6.49/6.81/5. 47/6. 12'6.26.6.63) 6.37 | 7.00 | 5.47 
7th (7.197 .00 4.05;7 .03)6.56)6. 445.9816 .56) 6.35 | 7.19 | 4.05 
9th \7 53/7 .14/5.58)7 20.6 .66,6.69)5.75'5.98 6.57 | 7.53 | 5.58 
llth \7 37/7 .03) 7.24/6.86'6.86'6.01/5.85) 6.75 7 

| 


37 | 5.85 





~ 
- 


Average. 7. 12/6.75|5.47/6.69/6.00/6.375.986.17, 6.35 | 7.12 5.08 
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A comparison of the per cent. of lactose found in the milk of 
women during the first 11 days of lactation, with and without 
the ingestion of placenta, will demonstrate that in the former 
there has been a consistent increase in sugar production. 

The Effects of the Ingestion of Desiccated Placenta on the Varia- 
tions tn the Lactose Percentage of Human Milk.—The feeding of 
desiccated placenta to women during the first 11 days of lactation 
causes an increased activity of the lactose-producing mechanism 
with the consequent generally higher sugar per cent in the milk; 
it does not alter to an appreciable extent the variability of the 
limits within which this production may be supposed to occur; 
although decreasing the individual variability, it seems to cause 
a slight instability of the usual normal uniformity of change in 
production direction, an effect opposite to that observed on fat; 
it causes a diminution of the normal tendency towards a uni- 
formity of plane of production, again different from what occurs 
with fat. 

Variations in the Constituents. 


With the decrease in the plane of production for fat there is 
an increase in the plane of production for both protein and lactose 
when these results are compared with those obtained during nor- 
mal milk secretion. The reciprocal relationship existing between 
fat and lactose production in normal milk when calculated from 
the individual per cent variation from day to day and the per 
cent change in production direction is not as well marked under 
the influence of ingested desiccated placenta. ‘This is due in part 
to the decrease of the uniformity of change in production direction, 
and in part to the decrease in per cent variability from day to 
day, of the lactose production. The alteration in the plane of 
production of these two constituents seems to have a tendency 
towards compensating their individual reciprocal variability, 
which, however, does not in the least signify that they are not still 
mutually interdependent. 


SUMMARY. 


In comparing the variations in the fat, protein, and lactose 
per cent of milk produced during the first 11 days after parturi- 
tion, when desiccated placenta is fed, with the variations observed 
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in these constituents for a similar period in normal milk, it is 
seen that there are some significant differences. Quantitatively 
the plane of production for lactose and protein has been raised, 
while that for fat has been slightly decreased. The general change 
in production direction remains. the same. 

When we consider as an index of variability the individual 
variation per cent from the group average for the single days and 
the individual variation per cent from day to day, the constituents 
fall into the same order of decreasing variability as in normal milk 
production; fat, protein, lactose. But when the group changes 
in variation limits and the group uniformity of change in produc- 
tion direction are considered, the order changes from fat, lactose, 
protein, as found in normal milk, to lactose, fat, protein, with but 
slight differences between them. 

The tendency for the production plane to be fixed for the indi- 
vidual and independent of the plane of nutrition is here main- 
‘tained, though to a slightly less extent. 


CONCLUSIONS. 


The results recorded in this paper demonstrate that the ingestion 
of desiccated placenta has an effect upon the factors concerned in 
the regulation of the chemical composition of milk. There is a 
stimulation of the sugar- and protein-producing mechanism with an 
apparent depression of the function of the fat-secreting apparatus. 

From the peculiar characteristics of milk protein and carbohy- 
drate it is presumable that these constituents are largely elab- 
orated by the gland itself. 

There is certain evidence pointing to the idea that the milk 
fat is not entirely elaborated in the mammary gland. In working 
with goats, Winternitz (24, 25) and Bowes (26) have shown that 
probably a part of the ingested fat is carried as such to the mam- 
mary gland and then by excretion becomes a milk constituent. 
Kekles and Palmer (27, 28) clearly show that for the cow there is 
a variation in the nature and composition of milk fat dependent 
in some degree upon the diet. The probability of there being 
present in the gland a specific fat production mechanism for the 
elaboration of the fats peculiar to milk cannot be denied even 
though Bradley (29) failed to detect the presence of a lipase in 








Peaster mmargvenr 


ee en ae Se eae ee ae 


peony Tne diy 


+. 
F 
ib 
iy 
' 
if 
fet 
Ee: 


=e 


Rpm etn eo ntren rpc hatin 


Spon piped, wagtee Sepia eee eee 
" Nee IT 
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this tissue. It would therefore appear that milk fat is the sum 
total of the secretory and excretory activities of the mammary 
gland, the former being concerned with the elaboration of the fat 
peculiar to milk, the latter concerned in the inclusion in the milk 
of a part of the ingested fat as such. The evidence for this is 
admittedly incomplete. 

From the fact that the ingestion of desiccated placenta tends to 
produce a milk of greater uniformity in change of production di- 
rection of fat, it does not seem improbable that its action may 
well be stimulative to the secretory activity of the gland in this 
respect also. The cause of the lower per cent of fat in the milk 
may indeed be founded either in a decreased absorption of in- 
gested fat or in a decreased fat excretory activity of the gland. 

These findings seem to lend support to the hypothesis of Niklas 


(9). 
No chalone activity is evident. 
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STUDIES ON THE THEORY OF DIABETES. 


VIII. TIMED INTRAVENOUS INJECTIONS OF GLUCOSE AT LOWER 
RATES.* 


By W. D. SANSUM anp R. T. WOODYATT. 


(From the Otho S. A. Sprague Memorial Institute Laboratory of Clinical 
Research, Rush Medical College, Chicago.) 


(Received for publication, March 28, 1917.) 
INTRODUCTION, 


Principles underlying the method of timed intravenous injec- 
tions at known rates, and an improved pump designed for the pur- 
pose were recently described.’ Their application in a clinical 
study of glucose tolerance has been reported elsewhere by Wilder 
and Sansum.? This paper deals generally with the technique of 
the experiments carried out on rabbits and dogs, and, in particu- 
lar, with observations concerning the effects of sustained intra- 
venous injections of glucose at rates up to 2 gm. per kg. per hour. 
The experiments with higher rates of injection will be made the 
subject of another paper. Apart from recording certain data 
concerning the behavior of gluccse and water, the purpose of this 
paper is further to discuss the relative importance of rate and con- 
centration measurements in biological work generally. 


Methods. 


Material.—The pure glucose used in the majority of experi- 
ments was prepared in the laboratory as described below from a 
completely hydrolyzed granular commercial glucose from corn- 
starch. A Kahlbaum c. p. glucose preparation was used at in- 


* A third detailed report on phases of the work outlined by Woodyatt, 
R. T., Sansum, W. D., and Wilder, R. M., J. Am. Med. Assn., 1915, lxv, 
2067. 

1 Woodyatt, J. Biol. Chem., 1917, xxix, 355. 

2 Wilder and Sansum, Arch. Jnt. Med., 1917, xix, 311. 

3 Made at the Argo plant of The Corn Products Refining Company. 
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tervals for control purposes. Some lots of the product made in 
the laboratory caused melituria when injected at rates below that 
found necessary with the Kahlbaum preparation. 


1,000 gm. of the crude glucose are dissolved in 400 ec. of boiling water di- 
gested 1 to2 hours (not longer) with animal charcoal and the solution filtered 
hot by suction. Add 800 ec. of 95 per cent alcohol, cool, and inoculate with 
glucose crystals. The first crystals (5 to 10 gm.) carry down suspended 
carbon and are filtered off. As further crystallization proceeds, filter off 
successive fractions to avoid caking. Wash the crystals with cold alcohol 
on a suction funnel. (Save the alcoholic washings to dilute the next con- 
centrated crude glucose filtrate.) Yield = 50 to 60 per cent. Repeat the 
process if necessary. If the crude glucose employed contains much tarry 
matter, it may be necessary to use more than 400 cc. of water per 1,000 gm. 
at the outset to obtain a filterable solution. The final pure white product 
was made up into 1, 2, 3, and 4 molecular (18, 36, 54, or 72 per cent) solu- 
tions with water freshly distilled as for a salvarsan injection and placed in 
2 to 3 liter flasks in which they showed only a straw or light yellow color. 
This color may be wholly removed by a final clearing witha little bone-black. 
After sterilization and before use, the exact strength of each solution was 
determined by polariscope checked at times by a reduction method. Solu- 
tions of 1 and 2 molecular strength proved most generally useful. 

It may be noted that al gm. molecular or LS per cent aqueous glucose solu- 
tion contains, at 17.5°C. per 100 ce. volume, 89.44 gm. of water (Baling) and 
1S gm. of glucose, or 1 molecule of glucose to 50 molecules of water, where- 
as a 2 gm. molecular (36 per cent) aqueous glucose solution contains, per 
100 ec., 79.90 gm. of water and 36 gm. of glucose, or 1 molecule of glucose to 


about 22 molecules of water. 


The subjects were dogs, rabbits, and human beings. The bulk 
of the work was with dogs weighing from 9 to 19 kg. Care was 
taken to select vigorous animals of gentle and phlegmatic disposi- 
tions received from active outdoor life. Bull terriers or mon- 
grels with a strong admixture of bulldog blood were used in most 
of the satisfactory experiments, whereas most of the failures oc- 
eurred with unhealthy, housed, ill fed, or nervous animals. 

Technique.—The technique of the experiments as applied to 
human subjects was the same as that described and illustrated by 
Wilder and Sansum? in their report on clinical glucose tolerance 
determinations by the intravenous method. The routine of the 
dog experiments requires further description. 

The solution to be injected is poured into a previously sterilized burette 
of about 500 cc. capacity. The burette has a glass cock and the tip con- 
nects by rubber tubing with one arm of a glass Y-tube from the stem of 
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which rubber tubing leads to the suction nipple of a volumetric pump. A 
second slender burette beside the first connects with the other arm of the 
Y-tube and serves for short interval readings. Half hourly or hourly rates 
are checked on the reservoir burette. One or two coils of the rubber tub- 
ing which carries the solution from the burettes to the pump are allowed to 
rest in a water bath to warm the sugar solution. The delivery tube from 
the pump terminates in a small cannula inserted into a vein, usually at 
the ankle in the case of dogs. With rabbits the injections have been 





through a small needle inserted into the ear vein and held by a small clamp. 
In many of the experiments two pumps have been employed, the second 
or auxiliary taking distilled water from a second pair of burettés and dis- 
charging it through a delivery tube and a needle which is thrust obliquely 
through the wall of the rubber delivery tube of the main pump; or, the two 
delivery tubes may be permanently anastomosed. Thus it is made possible 
to control the concentrations of water and glucose as well as the absolute quan- 
fittes in which they are injected. 

The dogs lie on their backs or partly on the side in an ordinary animal 
trough cushioned with blankets. There is a leather collar about the neck 
and a not too snug jacket or flannel bandage on the chest. Collar and 
jacket are secured below to the animal board allowing limited freedom of 
movement, care being taken not to impede respiration. The fore legs are 
free. The hind legs are separated to the opposite lower borders of the 
board and held firmly by slings but not in such a way as to cause pain or 
stop circulation. 

A catheter is placed in the bladder and secured by a strip of adhesive tape 
fixed to the catheter and carried upward on to the abdomen. It was found 
desirable to accustom the dogs to these procedures in sham experiments on 
previous days before attempting long injections. Preferably, exposure 
of the vein has been carried out under novocaine on the day before the ex- 
periment, in which case ligatures have been laid, the wound smeared with 
vaseline, and the whole enclosed with a band of adhesive tape. In the 
experiment the cannula may be inserted without causing pain. These pre- 
cautions were taken to avoid non-physiological factors and because ex- 
perience proved that restlessness, discomfort, pain, or emotion could affect 
the results, especially the rate of water secretion. In many experiments 
the laden animal board has been made to rest on the platform of a scales 
and the scale beam so balanced that gains or losses of body weight incident 
to the development of positive or negative water balances could be detected 
and, if desired, corrected by changing the rate of the water injection by 
means of the auxiliary pump. 

The animal experiments have all been conducted in a separate room from 
which noise and confusion could be excluded. In satisfactory experiments 
dogs have lain quietly for many hours at a time, the pumps have required 
little attention, and the collection of urine has proceeded automatically 
except for required manipulation at the end of the hourly periods. 
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Diabetes. VIII 


EXPERIMENTAL. 


As an aqueous solution of glucose may be regarded as repre- 
senting merely so many molecules of glucose, so many of water, 
or as glucose and water together, each affecting and affected by 
the other in a way not fully understood, to form among other 
things a series of hydrates and their dissociation fragments in 
accordance with the solvate theory,‘ so intravenous injections of 
aqueous glucose solutions and their physiological effects have to 
be considered from at least these viewpoints. Although in this 
report attention is centered on the glucose this necessarily in- 
volves some consideration of the corresponding movements of 
water into and through the body. 


Continued Injections of Glucose into the Systemic Blood at Rates 
Not Greater Than 1.0 Gm. per Kilo of Body Weight per Hour. 


In all, upwards of fifty experiments have been conducted in 
man, dogs, and rabbits, receiving glucose by vein at the lower 
rates. Conditions were considered standard when the subjects 
were healthy, well nourished, mature individuals in a state of 
complete bodily rest and free of pain, discomfort, emotion, or 
other tangible nerve-disturbing influence, when the glucose em.- 
ployed reacted chemically and physiologically as pure d-glucose 
and when the solutions employed varied in strength between 16 
and 40 per cent. The gm. molecular (18 per cent) solution was 
most commonly used. The duration of the experiments varied 
from 3 hour to 7 hours. 

In man, injections at the rate of 0.8 gm. per kg. per hour were 
not observed to produce glycosuria detectable by the ordinary 
test solutions employed (Fehling’s, Haines’), after 30 minutes to 
3 hours of injection. In dogs and rabbits the same results were 
obtained. One dog received glucose at this rate for 7 hours with 
the same result. Injection at the rate cf 0.9 gm. per kg. per hour 
in man uniformly caused glycosuria, also in rabbits and dogs in 
the great majority of cases but not in all. In four dogs it re- 
quired 1.0 gm. of glucese per kg. per hour to cause glycosuria. It 


* Cf. Jones; H. C.. Absorption spectra of solutions as studied by means 
of the radio-micr meter, Carnegie Institution of Washington, Publication 
No. 210, 1915. A summary of earlier literatures is given at the end. 
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has been observed that glycosuria has failed to develop when the 
injection rate has been between 0.8 and 0.85 gm., and appeared 
when the rate has been advanced to between 0.85 and 0.90 gm. 
per kg. per hour. 

The time elapsing between the beginning of an injection at the 
0.9 gm. rate and the detection of glycosuria was always short when 
this rate was instituted directly after } hour or more of injection 
at the rate of 0.6 to 0.8 gm. per kg. per hour, and longer when 
the 0.9 gm. rate was instituted with no prior glucose administra- 
tion. Owing to the time necessary for enough urine to collect 
in the bladder, te remove and test satisfactorily, the exact inter- 
val elapsing between the beginning of the 0.9 gm. rate and the 
actual secretion of saccharine urine by the kidneys cannot be 
stated, but it was found to be as long as 40 minutes with one dog 
which had received no prior administration, and as short as 6 
minutes in a dog which had received glucose for } hour at the 0.8 
gm. rate before the rate was advanced. Following preliminary 
injections at a subtolerant rate for } hour or more, an advance to 
the 0.9 rate has regularly caused sugar to appear in the urine within 
the first half hour. 

Conclusions. —On the basis of all the experiments taken collec- 
tively it is reckoned that the maximum rate at which glucose can 
be administered into the systemic blood and still fail to produce 
glycosuria in normal resting human individuals is close to 0.85 
gm. per kg. per hour. Perhaps in dogs and rabbits it averages 
a little higher than in man. (These statements agree in the main 
with those made in our preliminary report on the basis of experi- 
ments then completed. They take into account the later series 
of observations on human subjects described by Wilder and San- 
sum, and further dog and rabbit observations which permit the 
correction of slight inaccuracies in the earlier report.) 


The Behavior of Water in Conjunction with Sustained Intrasystemic 
Glucose Injections at Subtolerant Rates. 


Two things may be noted here: (1) The same results as de- 
scribed above have been obtained with glucose solutions varying 
in concentraticn between 16 and 40 per cent. The method em- 
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ployed did not permit the detection of any difference of the in- 
travenous glucose tolerance limit as a result of variations between 
rather wide limits of the quantity of water which accompanied the 
glucose into the vein. Thus in dogs weighing 10 kg., the limit 
was found at 0.85 gm. per kg. per hour both with 47 ec. of 1 
(18 per cent) and with 23.5 ec. of 2 M (36 per cent) glucose so- 
lutions. Even when solutions containing 72 to 100 gm. of glu- 
cose per 100 ce. have been used, the tolerance limit has not varied 
by degrees which could be detected by the methods employed. 
The same has held for solutions as weak as 9 per cent. However, 
the more concentrated solutions increase the difficulties of main- 
taining exact injection rates when dealing with dogs and rabbits, 
and following an injection of 72 per cent solution in one human 
case, a thrombus developed in the vein so that no further use was 
made of such strong solutions in the clinic. Too dilute solutions, 
on the other hand, may introduce such factors as hemolysis and 
significant changes of weight. (2) During intravenous glucose 
injections at subtolerant rates there has been observed a strong 
tendency toward retention of water in the organism, which under 
appropriate experimental conditions may be manifested by an 
absolute decrease in the rate of diuresis that appears after the 
injection has been continued for a sufficient length of time, lasts 
during the remainder of the injection, and promptly gives way to 
a sudden increase of diuresis when the injection is stopped. The 
following experiment is typical. 


EXPERIMENT I 


The Retardation of Diuresis during Intravenous Injection of Glucose at a 
Subtolerant Rate with High Diuresis after Injection. 


A dog weighing 12.7 kg. received 40 ce. of water per os at 8 and again at 
9 a.m. when it was placed on the board, catheterized, and prepared for 
intravenous injection. Thereafter the bladder was emptied by catheter 
every hour. The injection consisted of 51.5 cc. of 19.7 per cent glucose 
solution (containing about 45 cc. of water) per hour. Rate, 0.8 gm. glucose 
per kg. per hour. The table shows the amounts of urine obtained at the 
end of each succeeding hour, the bold-faced figures indicating hours of 


injection. 
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Hour Urine. Remarks 

10 a.m. 40 

11 
13 Injection 0.8 gm. per kg 
18 “ 0 , ““ “ “ 
7 “ 0 
8 “ 0 
9 “a 0 
10 “ 0) 

12 " 0) 

| SO 


“cc 


~ 
“An ® Wh & pb 


Of the 80 ce. of urine passed between 6 and 7 o'clock, 58 ee. ap- 
peared in the first 25 minutes. Thereafter for 12 hours the aver- 
age urinary volume was 12 ec. per hour. It may be noted that 
the intake of water per hour during injection was about that 
given in the fore-periods. There was no glycosuria. 

We have failed to observe such absolute retardations of diuresis 
in experiments in which the quantity of water given during the 


preparatory periods or during the glucose injection periods has 
been too great. In such cases, however, there has never been 
noted any increase of diuresis attributable to the glucose itself; 
/.e., the injection of glucose solutions at subtolerant rates has not 
been observed to elevate the diuresis more than the injection of 
equivalent volumes of water in the form of 0.6 to 0.8 per cent 
sodium chloride solutions. It would appear that in the presence 
of an excess of water in the organism, the binding of some by the 
glucose may fail to lessen the absolute rate of diuresis. Such a 
negative effect is illustrated by the following experiment. 


EXPERIMENT II. 


The Absence of Retardation of Diuresis during Intravenous Injection of 
Glucose at Low Rates. 


The weight of the dog was 14.3 kg. At 8, 9, 10, and 11 a.m. it received 
by stomach tube 70 cc. of water (total 280 ce.). At 1 p.m. the bladder was 
emptied by catheter and thereafter every hour. Injection was begun at 
2p.m. In the Ist hour the rate was 0.8, in the second 0.9, in the third 1.0 
gm. per kg., glycosuria appearing 10 minutes after beginning the latter 
rate. The bold-faced figures show hours of injection. The rate of water 
supply was the same during the preparatory and the injection hours. 
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Hour. | Urine. Remarks. 
cc. ei) — os oP. 
2 p.m. 44 
6s | iecti " in ties De 
. a | ro | Injection _ gm. glucose per kg. 
.* 52* | “199% «# « « 
6 ° | 48 


* Glycosuria in the 3rd hour. 


Both types of result have been observed during intravenous 
glucose injections in man, but owing to the undesirability of cathe- 
terizing normal individuals for a sharp separation of the urine 
at short intervals, the greater frequency of psychic and nervous 
influences, and other factors which make it difficult to secure uni- 
form rates of diuresis during the control periods, observations of 
diuresis in man have been unsatisfactory. (Although Pavy® had 
described retardation of diuresis during low rate intravenous in- 
jections of glucose, we had not succeeded in confirming his obser- 
ration at the time of our preliminary report.) 


Injections at Rates between 1 and 2 Gm. of Glucose per Kg. per Hour. 


With injections of 1.8 to 2.0 gm. per kg. per hour glycosuria 
begins promptly and quickly attains a maximum, after which it 
proceeds at a uniform rate hour after hour for at least 8 hours 
and probably much longer. Reference to the record of Experi- 
ment ITI, which is typical, will show that the total excretion during 
the Ist hour may equal that of later hours, indicating the prompt- 
ness with which the maximum glycosuria may be established with 
an injection at this low rate.® 

The absolute rate of the glycosuria may differ in different indi- 
viduals, and probably in the same individual under different 
physiological conditions. 

In Experiment III the average excretion was 0.42 gm. per kg. 
per hour, or 2.1 per cent of the intake. Excretions representing 


5 Pavy, F. W., J. Physiol., 1899, xxiv, 479. 
6 With higher rates of injection (2.7 to 7.2 gm. per kg. per hour) the gly- 
cosuria gradually accelerates during the first 1 to 5 hours or more before 
constancy is finally attained, the time required depending largely on the 
rates of glucose administration and on the water balance. 
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about 2 per cent of the intake have been seen in other experi- 
ments, but one dog receiving 1.8 gm. of glucose per kg. per hour 
excreted 1.90, 1.75, 2.04, 1.62, 1.61, and 1.97 gm. of glucose per 
10 kg. in successive hours, an average of 1.8 gm. per hour repre- 
senting 10 per cent of the injection. 

The glycosuria has been observed to cease within 6 minutes 
after stopping the injection; ¢.e., if the bladder is washed out im- 
mediately after ending the injection, the next urine collected has 
been found free of sugar. 


The Behavior of Water during Injections at Rates of 1.8 to 2.0 Gm. 
per Kg. per Hour. 


1. Within rather wide limits the quantity of water given be- 
fore an experiment or during the glucose injection may be varied 
without influencing the rate ef glucose excretion. Thisis typically 
illustrated in the following experiment. 

EXPERIMENT III. 


The Constant Supply and Constant Excretion of Glucose While the Supply 
and Excretion of Water Varies. 


The subject was a bull terrier weighing 16.7 kg., which had served in 
four previous experiments of similar character. Two pumps, with the de- 
livery tubes anastomosed, discharged water and 37.01 per cent glucose 
solution respectively through a single cannula. The pump discharging 
glucose solution ran at a constant rate to deliver 53.9 cc. per 10 kg. of body 
weight per hour (containing 20 gm. of glucose and 42.6 cc. of water). The 
second pump delivered water at rates which were varied between 53.9 
and 107.8 ce. per kg. per hour. The rates of injection and elimination of 
glucose and water per 10 kg. of body weight are tabulated by hours from the 
beginning of the injection. 




















Injected. Excreted. 
Hour. Glucose. | Water. Glucose. Urine tenn es reg 

gm. ce. gm. ce per cent 
l 20 96.5 | 0.43 16.8 2.57 
2 20 96.5 | 0.31* 6.2 | 4.90 
3 20 151.5 0.52° | 8.8 | 0.87 
4 20 123.5 0.44 118.3 0.37 
5 20 96.5 0.42 | 128.0 0.35 
6 20 96.5 0.44 82.5 0.59 
7 20 96.5 0.41 | 58.5 0.62 
8 20 96.5 0.42 67.0 0.58 





* 


Average 0.42 gm. 
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In this experiment it will be noted that in the 2nd hour when 
the urine was only 6.2 ce. and contained nearly 5 per cent of glu- 
cose, the excretion was 0.1 gm. below the average of the Ist hour 
and the last 5 hours, whereas in the 3rd hour when the urine rose 
to 58.9 cc. it was a trifle above. But the average of the 2nd and 
3rd hours was 0.42 gm., the.same as for the others, and this fluetua- 
tion would be accounted for if only a 2 ce. residuum of the concen- 
trated urine had remained in the bladder, urinary passages, and 
kidneys te be flushed out during the diuresis of the following hour. 
There might of course be some retention in the tissues also if the 
supply of water was too small. In the 7th hour, with the same 
urinary volume as in the 3rd, the excretion of glucose was 0.41 
gm. These observations parallel those made with injections at 
the 0.8 to 0.9 gm. rates and imply that the glucose utilization 
rate, as well as the excretion rate, may remain the same during 
marked fluctuations of the water balance.’ 

2. Unlike injections at subtolerant rates, those productive of 
glycosuria, may, as is well known, cause acceleration of diuresis. 
But as in the case of the former, the more rapid injections may 
be attended by no absolute change of the rate of diuresis, or they 
may lead to absolute retardations. Which effect will occur appears 
te depend wholly on the supply of available water in the organ- 
ism and on the rate of the glycosuria, other factors remaining con- 
stant. In experiments with injections at these rates it is possible, 
under suitable conditions, to demonstrate diminished diuresis dur- 
ing the injection of 1.8 to 2.0 gm. of glucose per kg., followed by 
sudden liberation of water into the urine when the injection is 
stopped, exactly as in the case of subtolerant injections; only to 
do so the water balance must be kept at a relatively lower level. 

Frequently in the course of clinical work with 18 per cent glu- 


7 With higher rates of glucose injection, and with wider variation of the 
water balance at the present rates, the excretion may be affected. However, 
these observations would not be in harmony with A. A. Epstein’s statement 
(Studies on Hyperglycemia in Relation to Glycosuria, New York, 1916, 69) 
that ‘diuresis in diabetes plays an important réle in determining the total 
amount of sugar eliminated in the urine, but has no influence on its con- 
centration.’’ They agree, on the other hand, with the finding of T. Addis 
and C. K. Watanabe (J. Biol. Chem., 1917, xxix, 404) that ‘‘changes in the 
volume of the urine or in the urea concentration of the urine have no ap- 
preciable effect on the rate of urea excretion.”’ 
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cose solutions, an overstepping of the tolerance has been attended 
by increased diuresis. With the same solution in dogs, decreased 
diuresis has at times been observed even when a considerable 
glycosuria has been in progress, as illustrated in the 2nd hour of 
Experiment III, but the effect is better shown by experiments in 
which solutions of 50 per cent concentration or above have been 
used, as in the following. 


EXPERIMENT IV. 


Retardation of Diuresis during Intravenous Injection at a Rate Productive of 
Glycosuria, with Acceleration of Diuresis after Injection. 


The dog weighed 17 kg. During the 12 hours preceding the experiment 
it received no food, but water was provided in the cage. At 8.30 a.m. 55 
ec. of water were given by stomach tube and the dog was placed on the 
animal board and prepared for intravenous injection. At 9.30 it was 
catheterized and thereafter the urine was drawn by catheter every hour. 
Intravenous injection was begun with 53 per cent solution at the rate of 
1.7 gm. of glucose per kg. per hour; ¢.e., 55.1 ce. of the solution per hour. 
The injection was continued for the next 4 hours, ending at 4.30 p.m. At 
1.30 the urine contained sugar. At 4.30 it contained 4.4 per cent (total 
0.35 gm., representing 2 per cent of the intake). 


Hour. Urine volume. | Remarks 
; ce. | 
10.30 32 
11.30 15 
12.30 15 Injection started. 
1.30 10 
2.30 | 8 
3.30 13 
4.30 8 Injection ended. 
5.30 65 
6.30 98 
7.30 20 








During the following 12 hours the average urination was 18 cc. per hour. 


In this experiment the retardation of diuresis during the injec- 
tion is comparable to that seen with injections at subtolerant 
rates. The high diuresis following the discontinuance of injec- 
tion is even more pronounced and of longer duration. 
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The highest concentration of glucose which has been observed in 
the urine during the present experiments with injections at rates be- 
low 2 gm. per kg. per hour has been 8.5 per cent. 

It may be stated in anticipation of later papers that the urinary 
glucose concentration, even with injections at rates as high as 
7.2 gm. per kg. per hour, has not been driven higher than 8 to 9 
per cent except in the case of a few animals. Since in pancreatic 
and phlorhizin diabetes concentrations of 12 to 13 per cent are 
easily produced, the point may have theoretical significance. 


DISCUSSION. 


The Maximum Rate at Which Glucose Can Be Administered 
Continuously via the Systemic Blood Stream and Fail 
to Cause Glycosuria. 


The value of 0.85 gm. per kg. per hour agrees only approxi- 
mately with the findings of Blumenthal? and others who have 
used his method (Comessatti,? and Loeb and Stadler'®). Blumen- 
thal made repeated single injections into rabbits with a hand 
syringe at 15 minute intervals, each injection consuming 10 to 15 


seconds during total periods as long as 3 hours. The tolerance 
limit in dogs (originally expressed in gm. per kg. per } hour, and 
here recalculated for the hour basis) was found as low as 0.6 and 
as high as 1.3 gm. per kg. The present experiments lasting as 
long as 7 hours with consistent results varying with few excep- 
tions only between 0.8 and 0.9 gm. define the normal limit more 
sharply. 


The Significance of the Observation That, within Limits, the Quan- 
tity of Water Administered before or during Sustained Glucose 
Injections at Fixed Rates Need Not Affect the Rate of 
Glucose Utilization or Elimination. 


Whatever variations of the blood and tissue volumes and of 
the blood and urinary sugar concentrations were involved in the 
fluctuations of the water balance, they did not noticeably affect 


®’ Blumenthal, F., Beitr. chem. Phys. u. Path., 1905, vi, 329. 
® Comessatti, G., Beitr. chem. Phys. u. Path., 1907, ix, 67. 
10 Loeb, O., and Stadler, H., Arch. exp. Path. u. Pharm., 1914, \xxvii, 


326. 
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the rate of glucose metabolism or excretion as long as the rate of 
glucose supply was constant. Epstein,'! working with diabetics, 
also found that the quantity of glucose excreted might be the 
same in cases showing different blood sugar concentrations and 
vice versa. Such an effect is strikingly illustrated by an unpub- 
lished experiment of our own in which a dog received glucose by 
vein at the rate of 36 gm., and then 27 gm. per 10 kg. per hour, 
while the water administration was voluntarily varied with a 
second pump. In the last hour of the faster glucose injection the 
excretion was 15.2 gm.; in the Ist hour of the reduced rate of 
injection, it was 10.23 gm., but the blood sugar concentration in 
both hours was 0.89 per cent. The occurrence of such phenomena 
is of course tacitly implied in Ambard’s attempts to formulate 
laws governing them. They are also in keeping with the older 
observation that the drinking of water and passage of urine need 
not affect the protein metabolism or the total heat production 
of the organism, as illustrated specifically by a calorimeter experi- 
ment of Lusk’s” in which an 8.8 kg. dog received 200 cc. of water 
by stomach with no influence on the metabolism. But the question 
arises as to how water may dispose itself in the organism to permat 
such results and how their recognition bears on current conceptions 
of the significance of measurements of the concentration of various 
substances in the blood. 

It is clear that the rate of supply to a given organism at a given 
time is the chief factor which determines the velocity of chemical 
change and the rate of elimination, but the mechanism is less 
obvious. Variations of the total quantity of a glucose solution of 
fixed concentration on one side of an ordinary dialyzer would not 
vary the rate at which glucose molecules diffused through it, nor 
could the concentration be changed without affecting the rate of 
diffusion. But with the kidney membrane and cells in general 
it is not merely the concentration which determines the rates of 
excretion and utilization respectively. This would suggest that 
the surfaces of contact between the plasma and the cells must 
vary in a definite manner with the volume and glucose concen- 
tration of the plasma. 

11 Epstein;’? see also Proc. Soc. Exp. Biol. and Med., 1916, xiii, 67, and 


Epstein, A. A., and Baehr, G., J. Biol. Chem., 1914, xviii, 21. 
12 Lusk, G., J. Biol. Chem., 1912-13, xiii, 41 and 45. 
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The following, in which cells and plasma represent phases of a 
system, serves for illustration. If a single spherical cell such as a 
lymphocyte is suspended in plasma containing glucose, then 
(when a state of equilibrium has been approached) the velocity 
at which glucose molecules strike and penetrate its surface, and 
therefore the velocity at which they react chemically with sub- 
stances in the cell interior, will, other factors remaining the same, 
be determined by the concentration of glucose in the plasma and 
the area of the surface of contact between the cell and the plasma. 
If the concentration of glucose in the plasma were decreased, by 
increasing the volume through the addition of water, and 7f the 
cell surface remained unchanged, this would lessen the frequency 
with which glucose molecules impinged on the cell, and entail a 
proportional decrease of the number entering in a unit of time, 
etc. In like manner, abstraction of water from the plasma with a 
decrease of its volume and increase cf the glucose concentration 
would increase the rate at which glucose molecules entered the 
cells and reacted within it. In either of these hypothetical cases 
the volume change in the plasma would involve changes in the 
rate of the glucose metabolism of the cell, contrary to the experi- 
mental findings under discussion. If, however, as the plasma vol- 
ume increased or diminished (and the glucose concentration var- 
ied correspondingly) the surface of contact between the cell and 
the plasma increased or diminished in the same proportion, then 
the total number of glucose molecules impinging on the total cell 
surface would theoretically remain the same and such an occur- 
rence would explain the experimental findings. 

The necessary condition would be fulfilled if while the total content 
of glucose in the plasma remained fixed and the volume of plasma 
varied, the ratio of the plasma volume to the surface of contact be- 
tween the plasma and the cell remained constant; that is, in the body 
taken as a whole, if the surface of contact between the plasma and 
cell phases varied directly as the plasma volume or inversely as the 
plasma glucose concentration. 

These observations are in harmony with those of Epstein con- 
cerning the ratio of the plasma volume to the blood cell volume, 
the blood sugar concentration, and the rate of glycosuria in dia- 
betics, which led to the conclusion that the total sugar content of 
the blood fixes the rate of glycosuria. Other things being equal, 
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it should do so in accordance with the above, as long as the specific 
surface of the plasma remains fixed. 

As to how the surface of contact between the plasma and the 
cells of the body may be regulated to meet changing volumes of 
blood, several ways are apparent. In the histological sense, the 
single leukocyte suspended in plasma may increase in volume as 
water is added te the plasma, or diminish when glucose is added. 
Dilution of the plasma may separate cells in contact, concentra- 
tion permit separate cells to cluster together. The wall of the 
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capillary may be more or less distended, the glomerular tuft may ie 
inflate and deflate, previding more or less surface in proportion i 
to the blood velume. Or the question may be considered in 2 
terms of phases in colloid systems, and the influence of varying 
contents of sugar and water on their volumes and specifie sur- 
faces. As Henderson™ recalls, Willard Gibbs proved that when 
equilibrium is established the state of the system is unaffected 
by the volume of the phases. 
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Acceleration and Retardation of Diuresis Resulting from F 
Intravenous Injections of Glucose. 


The phenomenon of decreased diuresis during injection, with a F 
sudden liberation of water into the urine when the injection is 
ended, is quite analogous te that observed as a result of aliment- 
ary glucose administration by Lusk’ and Fisher and Wishart." 
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The analogy is made striking by a recalculation of their data, i 
‘ which shows that glucose actually entered the blood by absorp- r 
tion during perieds of 2 to 5 hours at mean rates of 1.6 to 1.7 ? 
gm. per kg. per hour, as compared with direct injections of 0.8, t 


1.8, and 2.0 gm. per kg. per hour in the present series. t 


Fisher and Wishart administered 50 gm. doses of glucose by stomach 4 
to dogs weighing 8 to 9 kg., sacrificed them at hour intervals, and found 
that absorption was completed “during the 4th hour.’’ If the absorption 
time was 3.5 hours and the average body weight 8.5 kg., this would imply 
a mean absorption rate of 1.68 gm. per kg. per hour. Lusk found that 
50 gm. of glucose might cause a 20 per cent increase in metabolism end- 
ing ‘‘in the 4th hour,’’ and 75 gm. might also cause a 20 per cent increase 





13 Henderson, L. J., Proc. Nat. Acad. Sc., 1916, ii, 654. 
14 Fisher, G., and Wishart, M. B., J. Biol. Chem., 1912-13, xiii, 49. 























170 Diabetes. VIII 
which continued “through the 5th hour.’’ As Lusk states, Fisher and 
Wishart showed ‘‘that there is a large retention of water by the organism 
during the period of high metabolism, which water is suddenly eliminated 
during the last hour of the high metabolism.’’ In the case of the 50 gm. 
doses the period of high metabolism ended in the same hour that absorp- 
tion was completed. From the present experiments it is apparent also 
that the period of high diuresis comes promptly when the flow of glucose 
into the blood is ended. Therefore, no doubt, as Lusk assumed, the end 
of the high metabolism and the onset of high diuresis following the ad- 
ministration of 75 gm. of glucose also marked the end of absorption as 
directly observed in the case of the smaller doses. Then taking the dog’s 
weight at 7.3 kg. and the time as 5 hours, the rate of absorption would 
have been 1.6 gm. per kg. per hour as against 1.7 gm. reckoned in the 
case of the 50 gm. doses. The fact that the metabolism was increased to 
the same level with the 50 and 75 gm. doses in the same animal confirms 
the reckoning which shows that the same absorption rate prevailed in 
the two cases. 








Interpretation of the Effects of Glucose on the Water Balance. 


The retention of water was attributed by Lusk and by Fisher 
and Wishart to the increased osmotic power of the organism due 
to the presence of increased amounts of freely diffusible sugar. 
Following the alimentary administration of 50 gm. of glucose in 
150 cc. of water they found during the 1st hour a rapid absorp- 
tion of glucose into the blood but no fall of the hemoglobin per- 
centage to indicate hydremia. It was presumed that in this 
hour the balance of glucose still in the alimentary tract held 
water back. But by the end of the 2nd hour, two-thirds to three- 
quarters of the glucose having been absorbed, they found evi- 
dences of hydremia, and in the 4th hour (absorption completed) 
hydremia passed and hydruria came. Taken in conjunction with 
well known observations that direct intravenous injection of glu- 
cose may lead promptly to hydremic plethora and that glucose 
so injected passes with great rapidity from the blood into the tis- 
sues where it promptly ceases to exist as such, this presents the 
picture of a tide of glucose and water molecules moving together 
through the organism, the glucose finally disappearing within the 
cells and the water into the urine. 

At the present time it might seem preferable to express the 
matter in terms other than those of the osmotic theory. Other- 


16 The experiment of March 27, 1912, Lusk,'? pp. 4445. 
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wise the above conception appears adequate to explain the vari- 
ations of the water balance seen in connection with intravenous 
injections of glucose. In accordance with the solvate theory,‘ 
glucose molecules would tend to hydrate themselves, the number 
of water molecules held by a molecule of glucose depending upon 
the individual hydration capacity of glucose, on the amount of 
water present, and on the amounts and individual hydration ca- 
pacities of other molecules in the solution, etc. During intra- 
venous injections at subtolerant rates when the preponderance of 
all the free glucose in the body is in the blood, its hydration should 
lead to hydremia and this to decreased diuresis, unless an excess 
of water is injected with the glucose. But when glucose is in- 
jected faster than it can be chemically changed in the cells, and 
so passes through the renal cells and appears on the urinary side 
of this membrane, water must tend to accumulate there also; 
how much, should depend upon the quantitative distribution of 
glucose between the blood and urine phases, on the total supply 
of water in the body, etc. 

This would imply that the diuretic effects of glucose are an 
expression of the power of the glucose molecule to hydrate itself, 
and of the presence of hydrated glucose on the urinary side of 
the renal cell. .Hofmeister'* attributed the power of salts to de- 
hydrate colloid gels to the tendency of the salt to hydrate itself. 
Fischer” has drawn a parallel between the diuretic effects of 
salts and their power to dehydrate protein gels, and made experi- 
ments tending to show that the parallel holds for sugar. The 
above interpretation is therefore in harmony with the view previ- 
ously expressed, although differing in detail. 

The present results and interpretation are contrary to the gen- 
erality of Allen,'* that all the common sugars are diuretics when 
given intravenously, that the phenomenon of water retention 
during glucose administration is observed only when the sugar 
is given by the alimentary, subcutaneous, or other indirect route, 
and contrary also to his conception that antidiuresis is dependent 
upon the union of glucose with a colloidal substance, etc. 


16 Hofmeister, F., Arch. exp. Path. u. Pharm., 1890, xxvii, 395. 

17 Fischer, M. H., Edema and Nephritis, New York, 2nd edition, 1915. 

18 Allen, F. M., Studies on Glycosuria and Diabetes, Cambridge, 1913, 
1052-4. 








Diabetes. VIII 


SUMMARY AND CONCLUSIONS. 


1. The technique employed in making continued injections of 
glucose and water into the veins of animals (rabbits, dogs) at 
known rates by means of a previously described volumetric pump 
is reported in detail, with a note on the purification of commercial 
glucose. j 

2. Experiments are cited to show that the maximum rate at 
which glucose can be administered continvously by vein to nor- 
mal resting rabbits and dogs without causing gross glycosuria (7.e., 
the normal intravenous glucose tolerance limit) is close to 0.85 
gm. per kg. per hour in the great majority of cases, but may be 
found, more frequently than in man, a little higher (0.9 gm. per 
kg. per hour). Within rather wide limits the water administered 
simultaneously with the glucose may be varied without apprecia- 
bly changing the rate of glucose utilization. 

3. Continued intravenous injections of glucose at uniform rates 
between 0.9 and 2.0 gm. per kg. per hour may lead to continued 
excretions of glucose in the urine at uniform rates. The ratio of 
the intake to the output rate differs with different individuals 
receiving glucose at the same rate, and with different rates of 
injection in the same individual. When the injection rate is 1.8 
to 2.0 gm. per kg. per hour, the glucose excretion per hour has 
represented as little as 2 and in one case as much as 10 per cent 
of the injection. ‘ Within rather wide limits variation of the quan- 
tity of water injected and eliminated during constant glucose in- 
jections at these rates has not been found to affect the rate of 
glucose utilization or excretion. 

4. For any individual case the rate at which glucose enters 
the blood determines the rate of glucose utilization and excretion 
regardless of the volume of the blood and urine or the concentra- 
tion of glucose in them. 

5. The observed constancy of the velocities of glucose metab- 
olism and excretion, in spite of such changes, is explained on the 
basis that water must so distribute itself in the body that the 
ratio of the plasma volume to its surface of contact with the 
cells at large (specific surface of the plasma phase) remains con- 
stant. The terms plasma and cells are employed in the general 
sense of phases in heterogeneous systems. 
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6. By controlling the rates of glucose and water injection it 
has been found possible to produce relative and absolute re- 
tardations of diuresis during glucose injections at rates causing 
glycosuria, as well as with those at subtolerant rates. But 
acceleration of the rates of water elimination (over and above 
that ascribable to the water given with the glucose) has not 
been observed without glycosuria. 

7. The tendency toward water retention is attributed to the 
presence of free diffusible glucose in the blood and, to a less 
extent, in the tissues and the tendency of the glucose to hydrate 
itself in accordance with the solvate theory. The tendency 
toward diuresis, manifest only when glucose gains access to the 
urine, is regarded as an expression of the same process operative 
in another place. Where the balance of water will be found in 
the body during injections of glucose will depend at any moment 
on the quantitative distribution of glucose among the phases 
of the organism. Increased diuresis occurs when there is gly- 
cosuria and a sufficient supply of water in the organism. 

8. Attention is called to the probable fallacy of considering 
the concentration of any substance in the blood plasma as a re- 
liable index per se of the rate at which it enters the cells, of the 
rate of its utilization or excretion, or of the toxic effects produced. 








